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F 
or BITUMEN5 AND CHARCOAL». 


FH E analyſes of pitcoal and of 
4 different woods, mentioned in 
the laſt Eſſay, may ſerve as inſtances 


of the products obtainable by diſtil- 


lation from bituminous and vege- 
table ſubſtances in general. They 


all of them yield water impregnated 


with an acid, and often alſo with a 
volatile alkaline ſalt, air, oils of dif- 


ferent colours, weights, and conſiſt- 
ences, and a black coaly reſiduum. 


The bitumens generally taken notice 
VOL. 111. A of 


3 
of by writers on Natural Hiſtory 
are, with reſpect to their confiſtence, | 
either as fluid as oil, or as thick and 
tenacious as tar, or quite ſolid. The 
fluid bitumens are two, Naptha, and 
Petroleum, or rock-oil. Theſe are oils 
which differ from each other in co- 
lour and conſiſtence, and ſome other 
properties; the naptha is pale, light, 
and very inflammable; the petroleum 
is yellow, brown, or blackiſh, hea- 
vier and leſs inflammable than nap- 
tha: its difference from naptha is 

attributed to 1ts containing a greater 
quantity of acid in its compoſition. 
Both theſe oils are found in many 
parts of the globe, either floating on 
ſpring water, or dripping from the 
crevices of rocks. Mineral pitch is 


a bitumen which differs from petro- 
leum in being thicker, heavier, 
+ 8 and 


1 
and more glutinous ; it was formerly 
found in the environs of Babylon, and 
conſtituted, according to Vitruvius, 
when mixed with lime, the cement 


which was uſed in building the walls 


of that city. At preſent it is met 
with in ſeveral parts of Europe, and 
in America, where 1t drips from 


rocks, and is called by us Barladoes 
tar: it has a very offenſive ſmell, 


and great tenacity, and 1s called 


by the inhabitants of Auvergne, in 
France, where it exudes from the 
earth, and ſticks to the feet, devils 
dung. The Aſphaltum, or Jer 5-pitch, 
is a bitumen much refembling mine- 
ral pitch; it is thrown up in a liquid 


form from the bottom of the lake 


where Sodom and Gomorrah ſtood, 
otherwiſe called the Dead Sea, or the 
lake A/phaltes, from a Greek word 

4 2 denoting 


(+ 7 
denoting a bitumen. This lake in tie 
time of Eſdras yielded Bitumen re- 
member what I did to Sodom and Gomor- 
rab, whoſe land lieth in clods of pitch. 
The bitumen floating upon the ſur- 
face of the ſalt water, is condenſed by 
the heat of the ſun into, a ſolid form, 
and 1s gathered by the Arabs on the 
| thore where it is thrown. It is ſaid 
to be the ſame ſubſtance which the 
Egyptians uſed in embalming their 
mummies, and it was called by them . 
munia mineralis. This bitumen has 
been found in many places of Afia 
and Europe, as well as on the ſhores 
of the Dead Sea; all that we meet 
with 1 in the ſhops, is either an arti- 
| Keial compoſition, or an European 
aſphaltum, the Eaſtern ones being 
ſeldom e into Europe, but 
uſed 


= Eſd. B. 2. C. 2 
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ſed by the natives: either as pitch 
for their ſhips, or as an ingredient 
in varnifhing, or dying wool}. 

There is a very curious experi- 
ment which. illuſtrates the relation 
which theft: four bictumans: bear to 
each other. 'The moſt tranſparene 
oil of turpendine, reſembling: nap- 


tha, may be changed into a oil re- 
ſembling petroleum, by misitg it 
with a ſmalh poruom of. tire acidi af 
vitrioſtz witk a. larger proportion of. 


the acid the nazture becomes black 
and renacigus, liks Barbadocs tar; 
and the prepottions of the ingre- 


diemts may be ſo adhulted;. that che 


mixture will acquire a ſolid: conſiſt- 
ence, like aſphaltum. This experi- 
ment teaches us toi conclude that 


naptha, petruleum, Barbadoes tar, 
ang atem, differ chicfly from 


4 3 575 each 


each other, with reſpect to the quan- 


1 


tity of acid which enters into their 
compoſition; and the ſubſtahces pro- 


cured by diſtilling, pitcoal, or reſi- 


nous vegetables may furniſh no im- 


probable conjecture concerning the 


origin of theſe bitumens. 


Let us ſuppoſe then a ſubterra- 


neous fire to be fituated in or near 


a ſtratum of pitcoal, of turf, of 
foſſil wood, or of any other ſuch 
bituminous matter; it is manifeſt 
that the inflammable air, and the dif- 


ferent kinds of oils, Which were col- 


lected by diſtilling ſmall portions of 
| theſe ſubſtances, would be elevated 
by the heat into the crevices of the 
ſuperincumbent ſtrata; the light and 


pale oil would be a ſort of naptha, 
or petroleum, the black and tena- 


cious oil would be a Barbadoes tar, 


and 
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ard this might be fo dried by the 


heat as to become an aſphaltum; 
The oils not being miſcible, with 
water, would be found floating upon 
its ſurface, as it iſſued out of the 


bowels of the earth, and being very 


inflammable, might conſtitute burn- 
ing wells, ſuch as have been met 
with near Wigan, at Broſely, and in 
many other places: or where the oil 
did not meet with water, or was too 
heavy to float on it, we may conceive 
that it would impregnate the porous 
ſtrata of ſeveral kinds of ſtones and 
earth. It has been obſerved in another = 


place, that they formerly obtained a 
fort of tar, from a ſtene at Broſely, 
and the ſtratum, which is called. 
Sale in Derbyſhire, is ſo ſtrongly im— 
pregnated with oil, that it will burn 


4 4 ef: 
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of itſelf, when ſet on fire : the work- 


men in digging through the black 


ſtone, which is incumbent on the 
ſhale, . ſometimes meet with cavities 
containing a thick black oil, which 


has oozed out of the ſurrounding 
ſtone. One of the greateſt ſougbs, or 
ſubterraneous paſſages, which has, 
perhaps ever been formed in Great 


Britain, is that which is called Hell- 


car ſough, in Derbyſhire ; this ſough 
is driven through a ſtratum of ſhale, 
and the workmen are much troubled 


with inflammable air, which general- 


ly breaks into the ſough, through the 
fame crannies which give paſſage to 


little ſtreams of water: they ſecure 


themſelves from the air, by keeping 


great fans conſtantly in motion; for 


the inflammable air, being lighter 
than common air, Roats near the roof 


1 — 


7 


r 


„ sf 


of the ſougb, and being drawn down 
from thence, and mixed with the 
common air by the motion of the 
fans, it is circulated in the fough 
without danger. L am ſenſible that 
inflammable air may be produced by 
various other ways, as well as by the 
application of heat, to bituminous 
ſtrata z but as bitumens do yield in- 
flammable air by diſtillation, it is 
probable enough, that ſuch as is met 
with in bituminous ſtrata, may ſome- 
times, at leaſt, be referred to the 
action of a fire, ſituated, perhaps, at 


© too great a diſtance from the ſusface 


of the earth, to produce any other 
ſenfible effect. 

In the Duchy of Madena i in Italy, 
there is a reinarkable rock, which 
confirms very much the notion of 
einn and pit chy ſubſtances being ſe- 
on parated 


11 

parated from bitumens by a kind of 
fubterrancous diſtillation. The in- 
habitants of the diſtrict, by piercing 
the ſides of this rock, at different 
diſtances from its ſummit, obtain 
oils of different natures, thickening 


and growing heavier and deeper 


coloured, as the canals through 
which they flow approach to the jur- 


face of the earth; at the diſtance of 


a few feet below the ſurface, they 


| find a very thick oil, which in dig- 
ging deeper becomes ſoft as butter, 
and at ſtill a greater depth, it is 


found to be as ſolid as pitch. 


Beſides pitcoal and aſpbaltum, there 
are three other ſolid bitumens which 
deſerve to be mentioned—Fet— 
Amber — Ambergris, Jet ſo much 
reſembles cannel- coal in its colour, 
in its hardneſs, in its receiving a 


poliſh, 


— — — —A—ͤ—ͤ— 
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| poliſh, in its not ſoiling the fingers 
| when rubbed upon it, and in other 
properties, that many authors con- 


found the two ſubſtances together; 
and indeed they agree in ſo many 
qualities that it is ſomewhat difficult 


to ſay in what they diſagree, Jet, 


however, when warmed by friction, 
has the property-of attracting bits 
of ſtraw, feathers, and other light 


bodies; but I never obſerved this 
property in any of the cannel-coals 


which I have tried. This property, 
if it may be generally relied on, as 
appertaining to jet, and not to can- 
nel-coal, is a very eaſy characteriſtic, 
by which theſe ſubſtances may be 
diſtinguiſhed from each other. Jet 


is faid to be found only in ſmall de- 
tached pieces, and that it is thereby 
 & diſtinguiſhable from cannel-coal, 


. Which 


18 9 
Which is found in large beds. Some 
Think. that the woody fibrous tiſſue 
of jet, may ferve to diſtinguiſh it 
from cannel- coal, but whoever ex- 
amines large quantities of this kind 
of coal, will ſee many pieces which 
much reſemble woed in texture. 


The weight of a cubic foot of can- | 


nel-coal is 1273 0unces.;. a Cubie foot 
of jet is ſaid by one author to weigh 
1238,* by another 1180 ounces. 
The natural hiſtory of dmber is 
very. obſcure. This bitumen was 
for a long time thought to be re- 


Aricted to the coaſts of Pruſſia, on . 


the Baltic Sea. It was ſuppoſed to 
ewe its origin to the exudations of 
-geptain trees on the coaſt of Sweden, 
which falling into the fea, were there 
_ +þardened. by the continual action of 


» Martin, 4 Lewis, Newm, Chem. 
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the ſalts, and thence cared by par- 


ticular winds to the open coaſts of 


Profha, This opinion was ſupported 
by, and formed to account for, the 


ants, flies, ſpiders, leaves of trees, 


and other terreſtrial matters, which 
are almoſt always found incloſed in 
pieces of amber, and which no doubt 
muſt be admitted, as proving its be- 


ing originally in a fluid ſtate. In 
Pruſſia they not only gather amber 


on the ſea coaſt, but they frequently 
find it at the depth of eight or ten 
feet beneath the ſurface of the earth, 
but at no great diſtance from the ſea. 
The ſuperincumbent ſtrata are ſand, 
clay, foffil- wood, pyrites, ſand again, 


in which the amber is found, ſome- 
times in detached pieces, ſometimes 
in little heaps, This diſtribution of 
the Wr where amber is found, to- 
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„ 
gether with their proximity to the 
ſea, has made it with ſome degree of 
probability be imagined, that this 


mineral owed its fituation to the 


inundation and receſſion of the ſea, 


and that it was derived partly from 
an oil arifing from the decompoſition 


0K vege tables by ſubterraneous fires, 
and partly from a mineral acid. 


Amber 1s frequently found in Italy, 


where they have no foſſil-wood, but 


great plenty of petrolcum. 
The natural hiſtory of Ambergris is 


as uncertain as that of amber, unleſs we 


admit the deſcription which has been 


lately given of its origin, as the true 
one. We are told that ambergris is 


a part of the Cachalot or Spermaceli- 


whale, It is found in this animal, 
in the place where the ſeminal veſſels 
arc uſually fituated in other animals. 


It 


( 


It is found in a bag of three or four 
feet long, in round lumps, from one 
to twenty pounds weight, floating in 
a fluid rather thinner than oil, and of 
a yellowiſh colour. There are never. 


ſeen more than four at a time in one 
of theſe bags ; and that which weigh- 


ed twenty pounds, and which was 
the largeſt ever ſeen, was found 


ſingle, Theſe balls of ambergris are 


not found in all fiſhes of this kind, 
but chiefly in the oldeſt and ſtrong- 


eft.*” This account ſeems probable 
enough, for ambergris is a fine per- 
fume, and we know that other per- 


fumes, ſuch as civer, muſk, and caſ- 
tor, are fituated in the inguinal re- 
gions of the civet cat, the muſk ani- 
mal and the beaver, | 
All vegetable, and. bituminous, 
and 

* Goldſmith's Nat, Hiſt, Vol. VI. p. 220. 
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( 16 ) 
and indeed all animal ſubſtances, 
leave, after their volatile principles 
have been ſeparated by diſtillation, 
a black coal. Theſe coals differ ſome- 
what from each other, with reſpect 
to their proneneſs to catch fire, and 
their ability to ſupport it, but I will 


content myſelf with examining the 


nature of the reſidue, from the di 
tillation of wood. 
This reſidue does not differ from 


what is generally called charcoal; the | 
flighteſt attention to the manner of 
obtaining this refidue, and of making 


charcoal, will convince us, that no 


difference ought to be expected. 
When the wood is diſtilled, its com- 


munication with the external air is 
obſtructed, its volatile parts are ele- 


vated from it, by the heat to which 
it is expoſed, and the reſidue is that 


part 


e 


1 


yz — v3. 2 


2 
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part of the wood which remains after 
all the volatile parts are driven off. 
In making charcoal they conſtruct 


2 pile of wood upon the ſurface of 


the ground, they cover the pile 
with a coating of turf, or other ſub - 
tances, and make the coating ſo 


compact, that it will not admit of 
air, except through ſome little round 


holes, which are purpoſely made in 
it, and which can be ſtopped at plea- 
ſure. When the pile, thus conſtruct- 


ed, is ſet on fire, part of the oil of 
the wood is conſumed during the 


burning of the pile, the other part, 


together with the air and water con- 


tained in the wood, is evaparated, 
and there remains, when rhe opera- 
tion 1s finiſhed, the earthy part of 


the wood, called in that ſtare, char- 


coal. Thus the making of charcoal 
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1 
is a kind of diſtillation, for the coat- 
ing which ſurrounds the pile of 
wood, may be compared to a retort. 
Henckel informs us, that 1 Solbs. 
of oak, will produce 62 lbs. of char- 
coal *; but he does not inform us f 
whether the oak was dry or green, 2 
whether it had its bark on or was ? 
_ peeled, whether it was all heart of | 
oak, or partly heart, and partly ſap, ; 
whether the operation of making the 
charcoal was diſcontinued as ſoon as 
the wood ceaſed to ſmoke, or pro- 2 
tracted ſome time longer; and yet a 
difference in any one of theſe circum- 
ſtances, will ſenſibly influence the 
weight of the charcoal, procurable ; 
from a definite weight of wood. 
The woods which I converted into | 
charcoal were dry, and had been fel- | 
„„ 5 led 
For. Satur. c. iv. p. y. 


E 
led many years; their relative weights 
were taken with great exactneſs. 


Weight of a cubic foot of 
Water — 1000 avoir. Ounces. 
Box — 950 
Oak — 892 
Aſll! — 832 

Mahogany — 816 
Walnut — 790 
Deal — 615 


! 


Authors differ very much as to the 
weights which they have aſſigned to 
definite bulks of the ſame kind of 


wood. Thus, one eſtimates the 


weight of a cubic foot of dry box at 
1039*; another at 1201 ounces : 
one puts the weight of a cubic foot 
of dry oak at 925; another at 800 
ounces ||. To the more obvious 


3. ſources 


*Cotes's Hydroſ. p. 73. + Ferguſon's 
Tab. P. 237» H Cotes. li Emerſon”; Mech. 


„„ , ow 

gources of this diverſity, in the 
weights of equal bulks of the ſame 
kind of wood, —fuch as the wood 
being green or dry, being cut from 
the boll or branch of a tree,—one 
may be added, which has not, I be- 
_ heve, been ſufficiently attended te 
E mean the great Joſs of weight 
which in certain circumſtances, the 
lame piece of wood ſuſtains, by a 
ſimple expoſure ro the atmoſphere, 
in the courſe of a few days. 

From the middle of a branch of 
an oak tree, which had been felled in 
April, and expoſed without its bark, 
to the hot ſummer of 1779, I cut, 
Sept. , a round piece, about ſix inches 
in diameter, and three in thickneſs: 
Sept. 15, I cut from the heart of 
this piece of oak a ſmall ſlip, 3 
inches in length, + 2 of an inch in 


thick- 


* 

thickneſs, and 79 grains in weight; 
at the ſame time, I cut a ſimilar ſlip 
from the ſap of the ſame piece, the 
weight of which alſo was 79 grains: 
theſe two pieces were put into the 
drawer of my ſtudy table, and being. 
weighed again, Sept, 25, the heart 
of oak had loſt 8 grains, or near 
of its weight; the ſap had loſt 12 
grains, or above + of its weight. 
Now if the weights of ſeveral equal 
| bulks of theſe woods had been taken. 


on the 15th, and on the 25th of Sep- 


tember, it is obvious (notwithſtand- 
ing the contraction they might have 
ſuffered) that there would have been 
ſome difference in them, though the 
woods themſelves appeared equally 
dry on both days. 


This ſpeedy diminution of weight 


which wood undergoes by expoſure 
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to the air, being a matter of ſome 
importance in an œconomical view, 
I will mention another experiment 
which 1 made on the ſubjet. A 
piece of aſh cut March 17, 1780, 


from the middle of a large tree, 
which had been felled fix weeks be- 


fore, was accurately weighed; 1ts 


weight was 317 grains, its length 3 


inches, and its bfeadth 2. It was 


weighed again March 24, it had loſt 


in the courſe of 7 days 62 grains, or 


neat 2 of its weight. I weighed this 
ſame piece of wood on the 25th of 


Auguſt in the fame year, but it had 
not loſt any thing of its weight, from 
the 24th of March to the 2 th of 
Auguſt. The two pieces of oak, 


mentioned in the laſt experiment, 
were weighed alſo, on the 2 ;5th of 
Auguſt, 1780; they had neither of 
5 „ 


C 23 ) 
them loſt, in the courſe of eleven 
months, quite 1 grain; hence it ap- 
pears, that the matter which is diſ- 
perſed from wood after it is cut, is 
ſoon evaporated : this matter proba- 
bly conſiſts chiefly of water. The 
carriage of wood, eſpecially by land, 
is very expenſive: if an oak or an 
aſh tree was cut into boards, or 
ſcantlings, upon the ſpot where it is 
felled, there would be a faving of 
the carriage of one ton in fix or ſeven, 
from the evaporation of the ſub- 
ſtance of the wood; to ſay nothing 
of chips and other refuſe parts. 

It is well knqwn that all wood 
becomes heavier than water, by hav- 
ing the air extracted from the pores, 
either by an air- pump, or by boiling 

It in water. The woods of which 
I have given the relative weights, 
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were all of them rendered heavier 
than water, by a long continuance 
in cold water; for the heat of the 
water in which they were put, never 
exceeded o degrees. U hey ſunk in 
the warer after they had been ſoaked 
in it for. different lengths of time, 
but it required above 100 days ſoak- 
ing before the deal would fink. After 
they had all lain in water for 110 


days, I took them out, and let them 


dry by the gradual heat of the at- 
moſphere ſor above a month; I then 
weighed ther, and found that box, 
oak, and 2H, had each of them loſt 
2 of the weight they had before 


they were put into the water; but 


that mahogany, walnut, and deal, 


had loſt only d of their weight, 


This loſs of weight is occaſioned, 
partly by the eſcape of ſome portion 
LE. : 5 5 of 
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( 25 ) 
of air, and partly by a diſſolution of 
ſome of the other principles of the 
woods; for the water, in which they 
were placed, had evidently acted 
upon them, its colour and conſiſt- 
ence being both changed, Moſt 
woods contain both a gummy and a 
reſinous part; and gums being ſolu- 
ble, and reſins not ſoluble in water, 
we can have no difficulty in appre- 
hending the reaſon, why ſome ſorts 
of wood loſe a greater proportion of 
their weight, by being immerſed in 
water, and afterwards dried, than 
others. Since the fame piece of 
wood has very different weights, 
whea dry and when ſoaked with wa- 
ter; the covering carts, ploughs, 
and other huſbandry gear, uſually 
made of aſn, with a coarſe kind of 
paint which wil keep o out the rain, 
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is a practice full as ſerviceable in 
leſſening the weight of the imple- 
ment which is to be moved by the 
ſtrength of a man or horſe, as in 
preſerving the wood of which it is 
made from decay. 

I took ſquare pieces of the woods 
before mentioned, each piece being 


3 inches in length, and weighing 


exactly 96 grains, and expoſed them, 


when covered with ſand, in a cru- | 
cible, to the action of the ſame fire, 


which was ſtrong enough to keep 
the crucible red hot, for three hours; 
they were, at the end of that time, 
all of them converted into perfect 
charcoals; the weights of the reſpec- 
tive charcoals were taken, whilſt 
they were Mill warm, from the ope- 
ration, and are expreſſed in the fol- 


lowing table: 


5 Walnut 


B „ 


6 


Walnnt 96 grs. gave 25 grs. of charcoal, 


Mahogany 96 — — 20 
Aſh — 96 — — 17 


1 


Deal — 96 — — 15 


There is a good reaſon for remark- 
ing, that the charcoals were weighed 
whilſt they were warm, for in weigh 


ing them a few days afterwards, I 


: found that they had all increaſed in 


weight in conſequence of ſomething 
which they had attracted from the 
atmoſphere; their weights then were 


| —walnut 28 — oak 24 — box 23— 
mahogany 4 18 — deal 16 — 
grains. 

Ihe quantities of reſidue remain- 
ing from the diſtillation of 96 ounces 
1 of. oak, box, and mahogany, were 

reſpectively 30, 2615 and 27 * 
5 ounces, 
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ounces, which numbers are ſeverally 


larger than thoſe, expreſſing the 
quantities of charcoal obtainable 
from 96 parts of thoſe woods; this 
difference may proceed from the 
woods, employed in the two pro- 


ceſſes, being of different qualities, 
or, more probably, from the heat in 
which the charcoal was made, being 


greater than that employed in the 


diſtillation; for the ſtronger the fire, 
the leſs is the quantity of charcoal, | 
which a definite weight of wood will | 


yield. „ 
In making charcoal the workmen 
obſerve, that the pile of wood is 


fenfibly diminiſhed in ſize by the 


operation; this proceeds from the 


5 ſhrinking of the wood. All the 
kinds of wood which J charred were 


diminiſhed in all their dimenſions, 
. 285 the 


th 


its 


ſtr 
th 
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the mahogany, oak, and walnut, 


were the leaſt diminiſhed, and the 


box was the moſt diminiſhed; I 
thought it had loſt an eighth part of 
its length. This diminution not only 


depends upon the nature of the 


wood, but it is influenced by the 
ſtrength and continuance of the heat, 
that being moſt diminiſhed, which 
has ſuſtained the greateſt heat. 

Though charcoal, from every ſort 


| of wood, is incapable of being de- 


compoled, by the ſtrongeſt fires in 


| cloſe veſſels, yet it is a compound- 


ed body, and may be decompoled 
by being burned in the open air. 


Van Helmont ſays, that 62 pounds 
of oak charcoal will, by burning, 


yield only 11b. of white aſhes. The 


other 61 pounds which are diſperſed 
into the air, he conſiders as a vapour 


oo o ore : N — 
nw 7 7 — es * * > v4 : — 
. is — WAL — 


1 


of an elaſtic nature, which can neither 
be collected in veſſels, nor reduced] 
into a viſible form. This vapour he 


called by a new name, gas * 


Stahl is of opinion, that 101bs. of 


charcoal made from porous woods, 


ſuch as fir and fallow, will not, when 
burned with a very flow fire, yield] 
above 1 lb. of aſhes ; this quan- 


tity however, it muſt be remarked, 


is above ſix times the quantity aſſign- 


ed by Van Helmont to oak, which! 
probably contains more aſkes in af 
definite weight of charcoal, than 


either fir or ſallow. 


novo nomine gas, voco, qui nec vaſis cogi nec 
in corpus viſibile reduci poteſt. Van Hel, Oy 
omn. p. 193. Some derive gas from the Dura 's 
| ghoaſt-ſpirit ; others from the German bac 


a frothy ebullition. 
+ Stahlii Exper, Numero CCC. p. TH 


Geoffroy; 


* Hunc ſpiritum, incognitum hactenus 


WW 


Geoffroy, from ſomewhat leſs than 


34 ounces of the charcoal, remaining 
after the diſtillation of the heart of 
guaiacum, got near three ounces of 
white aſhes, by calcining the coal in 


an open fire for 12 hours. From 


near 23+ ounces of the coal, remain- 


ing from the diſtillation of the ſap 


of guaiacum, he got near 142 ounce 


of aſhes. And 29 ounces of the 


coal, from the bark of  guaiacum, 


gave him 135 ounces of white 
aſhes*. 
Laſtly, M. Sage aſſures us that 
102 pounds of charcoal will not, 


when burned, furniſh quite 2 ounces 


of aſhes f. 
Theſe accounts, it muſt be ac- 
Know- 


bd Geoff. Mat. Med, or treatiſe on foreign 


wegeta. by Thickneſs, p. 112. 
1 Exper. fur Þ Alk. Vol. fluor. p. 235 
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knowledged, differ very much, as 


to the quantity of aſhes obtainable | 
from a definite weight of charcoal; 
and the difference, I think, is much 
greater than what can wholly be at- 
tributed to the different textures of | 


the ſeveral woods; a part of this di- 


verſity may, probably, ariſe from a 
difference in the manner of burning 
the charcoal. When charcoal is 


burned in ſmall quantities, and in a 


Now fire, leſs of its ſubſtance will be | 
diſperſed into the air, than when the | 
quantity is larger, and the ſtream of . 


air which ſupports the fire, is more 


rapid. This ſeems not improbable; 
but if the weight of the aſhes re- 


maining from the burning of a defi- 


nite weight of charcoal, be at all in- 
fluenced by the degree of fire, it 
ſeems reaſonable to ſuppoſe, that 

1 what 


E 


what is driven off by the violence of 


the fire, is of the ſame earthy nature 
as that which remains when the fire 
is more moderate; at leaſt it may be 
argued, that icy charcoal is burned 
with a flow fire, fome of its prin- 

ciples, its oily principle for inſtance, 
though it, probably, alſo contains a 


ſaline one, are more completely de- 


compoſed, than when it is conſumed 
with a vielent fire, and that the de- 
compoſition of theſe principles gives 
an additional quantity of earth or 
lalt to the aſhes, 
Tf there be any truth in this notion, 


we mult not ſay, that the 61 pounds 


of matter which, according to Van 
Helmont, are diſperſed into the air 


| from 62 pounds of charcoal, are 


whoily of an elaſtic nature; fiace 


| they may conſiſt principally of an 
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un 
attenuated earth, which being driven 
off by the current of air, requiſite 


= < 
for tlie maintenance of the fire, re- 
mains for a time ſuſpended in the at- 
moſpherical air, without being 1 in its , 


own nature elaſtic, I would not be = 
:nderftood to ſay, that the whole 1 
what 1s diffipatcd, during the burn : 
ing of the Charcoal, 1s an attenuated} y 
earth, ſince it is certain, that che 
earth of the aſhes is not inflammable, } 
and that charcoal contains ſomething. 
which is inflammable; it is allowed] 
alſo, that ſimple earth is inodorous: 
and it is well known that charcoal, 
during its inflammation, diſperſesM 
OR 1nto the air, which has 1 
{trong ſmell ; this ſomething by which| 
charcoal is rendered infmmable 
and by which the air is infected with 
a particular imell, during the burn-| 


ing. 
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ing of the charcoal, is called by moſt 
chemiſts the phlogiſton “ . This 
1 peine 


* Phlogiſton is a conſtituent part of me- 
= tallic ſubſtances, and it ſeems, when ſepa- 
be rated from them, to be of an claſtic nature, 
offs 7! diſtilled zinc with ſſrong acid of vitriol, and 
obtained a portion of ſulphur, produce a3 

: it ſhould ſeem, by the acid's uniting ittelf 
ted with the phlogiſton of the zinc. No inflam- 
hel mable vapour was produced, till the fulphur 

began to be ſublimed ; then indeed, there 
le, : eſcaped a vapour, compoled, I think, of the 
ing! attenuated parts of ſulphur, which upon the 

approach of a candle took fire. Another 
portion of zinc was diſtilled with eveat acid 
US: of vitriol; before the zinc felt the heat of the 
val, fire, the inflammable air, ſepara ble from zinc 
= by a weak acid of vitriol, paſſed into the 
receiver, and being ſet on fire, burſt it with 
8 % a great exploſion: another receiver was ap- 
ich plicd, and the diſtillation continued to dry- 
= neſs, but not a particle of ſulphur was pro- 
ble, = dguced, the phlogiſton neceſſary for its for- 
vichz mation having, probably, been ſeparated 
irn- from the , by the violent action of the 


acid, 
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F hlogiſton, whether it be an elaſtic 
inflammable fluid, or an unclaſtic 
earth of a particular kind, conſtitutes, 
probably, but a very ſmall portion 
of the weight of what is diſperſed 
into the air, from burning charcoal: 
we all know what a ſtrong ſmell 
may be Giffutd through a large 


room, from the ignited ſnuff of a 


candle, or from a very ſmall piece 
of charcoal, Which has not been 
thoroughly burned; the vapours 
illuing from th tele ſubſtances are of 
an oily ſaline nature, and are viſible: 
the vapour of charcoal, though it is 
too ſubtle to be ſeen, may be of a 
nature ſo mewhat ſimilar, and capa- 


le 


acid, and conſumed at once by the inflam- 


mation. May it not, from the compariſon 


of theſe experiments, be conjectured, that the 
Dillogiſton of metals is an claſtic inflamma- 


Lil 171 — 
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E 0 
ble of a very extenſive diffuſion 
through the air. An infant has been, 


known ſuddenly to expire, from the 
ſmoke of a candle blown out under 


its noſe, and the vapour of charcoal 


is moſt dangerous, when the charcoal 

has not been thoroughly burnt. 

| It has been found by experiment, 
that the common atmoſpherical air 
is much altered in its properties, by 

being made to paſs through red-hot 


charcoal, into the vacuum of an air- 


pump; it then extinguiſhes the flame 
of a candle, and animals die in it“. 
A ſimilar change takes place, when 
charcoal is conſumed in an apa t- 
ment, which has not a ſufficient ſup- 
ply of freſh air ; the inſtances of per- 


ſons who have unhappily loft their 


lives in ſuch air, are very common in 
985 = all 
* Haukſbee's Exper. p. 287. 
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16 
all countries, where much uſe is 
made of charcoal; but eſpecially in 
Ruſſia, where their apartments are 


heated by ovens, containing red hot 


charcoal“. The change which the 
atmoſpherical air undergoes, from 


the burning of charcoal, may pro- 
ceed either from the air, having loſt # 


ſome of its conſtituent parts in com- 


ing in contact with the burning char- 


coal, or from its having gained 
ſomething from the charcoal, or from 
its having done both at the ſame 


time; juſt as water, which paſſes 


through a lump of ſalt or ſugar, loſes 
A great 
* Philoſ. Tranſ. 1779; p. 32 5 — Where 


there is mention made of the Ruſſian method 


of recoyering perſons who have been rendered 


ſenſeleſs by the vapour of the charcoal; it 
conſiſts in carrying the perſon into the open 
air, rubbing him with ſnow or cold water, an} RE 


pouring water or milk down his throat. 
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X great part of the air it contains in 


Fits natural ſtate, and gains a portion 
of the ſalt, which becomes diſſolved 
in it, and upon both accounts ſuffers 
Ja change of its properties. 


It is generally admitted, that char- 


coal and all other bodies, nitrous- 


ones excepted, ceaſe to burn, as ſoon 


3 as they ceaſe to be ſupplied with 
freſh air, and the air has, chiefly on: 
this account, been thought to com- 


municate ſomething to the fire, by 


which the fire was maintained, and 
tte air was conſumed. And this: 
"1 opinion has been confirmed by ob- 
ſerving, that a definite quantity of 


air was much diminiſhed in bulk by 
bodies being burned in it. Thus, 
if 10 cubic inches of air be made to 


. paſs through red hot charcoal, they 


will be reduced to nine, and there 
: . 
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tertained a ſimilar notion—ingens aeris quan- 


| 8 unde niſi fat aeris fit extinguitur ignis. 8 
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are means of making the diminution } 


ftill greater. de 
Dr. Hooke advances another hy- MW * 
potheſis; he allows air to be necel- th 
ſary to the ſupport of fire, but he fi 
thinks that it contributes to this ſup- f © 
port, not by imparting any thing of a 15 
its own ſubſtance to the fire, but by 2 | Al 
diffelving the inflammable principle 7 P 
of bodies, as water diſſolves ſalts “: 0 
according to the former hypotheſis, I 
air is the food ; according to this, it is 1 * 
the receptacle or ſolvent of fire, : [ 
Dr. Prieſtley, to whoſe inventive M © 
genus and indefatigable induſtry the I F 
philo— g 

* Hooke's Micogr. p. 103. and Poſthum. WF 
Works, p. 169, Juncker ſeems to have en- 


titas requiritur ad diſſolvendas et recipiendas 
ignitas illas et ultimo motu attenuatas parti- A 


Ren Cork Che m. Vol, 1. p. 157. 
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E 
philoſophic world is peculiarly in- 
debted for his inquiries into the na- 
ture of fictitious airs, has obſerved, 
that common air is diminiſhed one 
fifth by the fumes of burning char- 
coal; and this diminution, he thinks, 
is ſome how or other effected by the 


air being highly charged with the 


phlogiſton of the charcoal; and he 
obſerves, which agrees very well with 


Dr. Hooke's hypotheſis, that when 


any definite quantity of air is fully 
ſaturated with phlogiſton from char- 
coal, no heat that he had ever ap- 
plied was able to produce any more 
effect upon the charcoal. 
Though common air is diminiſhed 


in bulk by the fumes of burning char- 
coal, and of other bodies in a ſtate of 


e yet a bottle or a bladder 


filled 
1 Philo Tran, 1772, p. 225230. : 


VV 
filled with this diminiſhed air, weighs 
leſs than when it is filled with com- 
mon air *, in the proportion of 183 
to 188. That 5 cubic inches of 
common air ſhould be reduced by 
the fumes of burning charcoal to 4 
cubic inches, and that theſe 4 cubic 
inches of infected air ſhould weigh 
leſs than 4 cubic inches of common 
air, cannot well be accounted for 
without admitting, that a part of the 
5 cubic inches of atmoſpherical air 
has been, by ſome means or other, 
taken away, at the ſame time that its. 
bulk was reduced to 4 cubic inches. 

Being deſirous of ſeeing, whether 
the property I had obſerved in char- 5 
coal, with reſpect to its weighing leſs ; | 
when it was quite cold, than when L | 

it was warm from the fire in which 
P Prieft, Exp. and Ob, vol. II. p. 94. 4 
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it had been made, was a general pro- 
perty appertaining to all hot and 


cold charcoal, I weighed ſeveral 
; pieces when they were cold, and 


again, when they were ſo hot as to be 


handled with difficulty, and found 


that they all loſt (they were of the 


ſame kind of wood) about 1 part in 
12 of their weight, and that being 
L left to cool in the open air, they re- 
1 gained what they had loſt in a few 
days. This acquiſition of weight 
| was made moſt rapidly at firſt, a 


piece which weighed 240 grains 


when cold, was reduced by being 
heated, to 220 grains, and being left 
do cool, it gained 9 grains in 4 hours, 


and 15 grains in 8 hours. From the 


manner in which charcoal is made, 


it is probable that what remains ad- 
herent to the wood, is not greatly 
different 


when taken out of hot ſand, takes : 


„ 


1 fire 
different from what is forced from hs 
. #1; . W 
it by the laſt degree of heat; nom kin 
this conſiſts of an acid, and an oi 
: : 3 = : ob! 
rendered thick and pitchy by its! cu 
union with an acid; may we not an 
hence ſuppoſe, that it is a portion f . 
fixed acid, which attracts the humi- gr 


dity of the air, or perhaps the air it- 


ſelf, when the charcoal is hot, and] 


becomes ſaturated therewith, ard“ 
that what was attracted is again dri-Þ 
ven off, when the charcoal 1s again qu 
heated; and thus the charcoal be- 
comes again capable of exerting its 
attraction, and acquiring an increaſe 
of weight? It is ſome confirmation 
of this hypotheſis, that charcoal | 


fire upon expoſure to the air, and 


for much the ſame reaſon, probably, b 
that Homberg's pyrophorus takes 


fire 1 | 


30 
fire in the open air? . Guaiacum 
contains a ſtronger acid than moſt 
kinds of wood; and Geoffroy has 
obſerved, that © the coal of guaia- 


cum being taken out of the retort, 


and expoſcd to the air, even two or 


three days after the proceſs, takes 


fire immediately of irs own accord ; 
88 


* Hom WERE s Pyrophorus is known to 


every ſchool-boy. It is made by calcining 


together for a proper time, and in proper 
quantities, either alum or any ſalt containing 
the vitriolic acid, with honey, ſugar, flour, or 
ary animal or vegetable ſubſtance, capable 


Jof being reduced to a coal. Part of the vi- 
2M -triolic acid being uncombined with ihe phlo- 


giſton of the coal, and being in a dry con- 


denſed ſtate, attracts the duni ity of the at- 
„ noiphere, and generates ſuch a degree of heat 
by its mixture with water, as is fuſticient to 


inflame the other part of the pyrophorus. Py- 
rophori may be made without the vitriolic acid, 


but ſome acid probably enters into their con- 
55 poſition. 
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provided, that when the diſtillation] 


is over, the neck of the retort be 
carefully ſtopped, and the veſſels and 
furnace be left to cool of nem | 


ſelves * 
This property of inereaing 


weight by expoſure to the air, by ; 
longs to the hot coal of pitcoal, as 7 
well as to that of wood; I took ; 
ſome red hot cinders, and weighing | 


them in that ſtate, luft them to cool; 


in 12 hours they had gained one 
75th part in weight, and in 4 days 5 
they had gained one thirtieth of | 


their weight. Some coak which had 
been burned with a ſtrong fire, 
gained much lets than the cinders. 


It has been obſerved in another | 


place, that charcoal may be decom. 
Pole by being diſtilled with the 


acid 


* Txeatife on Foreign Veget, p. 111. 


fy. A _ AT 


1 

acid of vitriol *; this acid robs the 
charcoal of its inflammable principle, 
and reduces it to an earth: no other 
menſtruum ſeems to have any action 
upon it. What alteration might be 


produced in charcoal, by quenching 
be. it when red hot, in various menſtru- 
as ums, or by boiling it in them, or by 
ok Keeping it immerſed in them, when 
ng cold, for a, long time, or by other 
; leſs obvious proceſſes, it does not 
nel fall within my deſign to inquire, 
aus : Animals and vegetables are ſoon 
of 9 reduced by putrefaction to an earth; 
ad many ſorts of ſtones and metallic 
te, fubſtances are crumbled into duſt by 
a the action of air and water; but char- 
mw coal remains unchanged for ages, 


whether it be expoſed to the air, or 
immerſed in water, or buried in the 
earth. The beams of the theatre 


. at 
* Vol. 3 P. 175. | 


( 48 ) 
at Herculaneum were converted into 
charcoal by the Læva, which over- 
flowed that city; and during the 
lapſe of above ſeventeen centu- 
ries the charcoal has remained as 
intire as if it had been formed but 
yeſterday, and it will probably con- 
tinue ſo to the end of the world. 
This incorruptibility, as it may be 
called, of charcoal, has been known 
in the moſt diſtant ages: ſor it has 
been obſerved, that the famous temple 
of Epheſus was built upon wooden 
piles which had been charred on the 
outſide, The cuſtom of chatring 
the ends of poſis, which are to be 
fixed in the earth, is very common; 
and I have often wondered that the 
ſame cuſtom has not prevailed with 
reſpect to the wood uſcd in mines | 
and ſubterraneous drains, The tim- | 


he ts, 5:6 


e 

bers which ſupport, in many places, 
the roof of the ſoughs through 
which there is a current of water, 
are waſted away in a few years, that ö 
part of them eſpecially which is ex- 1 
poſed to the alternatives of moiſture | 
and dryneſs by the riſing and failing 
of the water is ſoon rotted, and this 
„part one would think would be char- 
red with great advantage, ; 
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OF THE QUANTITY OF WATER EVA- 
PORATED FROM THE SURFACE OF 
THE EARTH IN HOT WEATHER. | 


HERE are many operations 
conſtantly carrying on by na- 
tural means, which, though they 
eſcape the ordinary obſervation of 
our ſenſes, ſufficiently excite our aſ- 
toniſhment, when once diſcovered. 
The vaſt quantity of a particular 
kind of air, with which the atmo- 
ſphere is daily impregnated, from 
the combuſtion of all ſorts of fuel, is 
# D 2 one 


„ $23 

one inſtance of this kind; and the 
water which is raiſed into the atmo- 
ſphere ſrom the ſurface of the earth, 
is another. Who would have con- 
jectured, that an acre of ground, 
cven after having been parched by 
the heat of the ſun in ſummer, di- 
perſed into the air above 1600 gal- 
lons of water in the ſpace of twelve 


of the hotteſt hours of the day? No 


vapour is ſeen to aſcend, and we 
little ſuppoſe that in the hotteſt part 
of the day, more uſually does aſcend 
than in any other. The experiment 
from which I draw this concluſion, 
is ſo eaſy to be made, that every one 
may fatisfy himſelf of the truth of it, 
On the 2d of June, 1779, when the 
ſun ſhone bright and hot, I put 

large drinking glaſs, with its mouth 


downwards, upon a graſs-plat which 
23 - „ wal 
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was mown cloſe; there had been no 


rain for above a month, and the 


graſs was become brown; in leſs. 
than two minutes the inſide of . the 


glaſs was clouded with a vapour, 


and in half an hour drops of water 
began to trickle down its inſide, in 
various places. This experiment was 
repeated ſeveral times with the ſame 
ſucceſs. 


That I might accurately eſtimate 


the quantity, thus raiſed, in any cer- 


tain portion of time, I meaſured the 


area of the mauth of the glaſs, and 


found it to be 20 ſquare inches: 


there are 1296 ſquare inches in a 
ſquare yard, and 4840 ſquare yards: 


in a ſtatute acre ; hence, if we can 
find the means of. meafuring the 


quantity of vapour raiſed from 20 


ſquare inches of earth, ſuppoſe in 
5 1 3 one 


| ( 54 ) 
one quarter of an hour, it will be an 
eaſy matter to calculate the quantity 
which would be raiſed with the ſame 
degree of heat, from an acre in 12 
hours. The method I took to mea- 
fure the quantity of vapour, was not 
perhaps the moſt accurate which 
might be thought of, but it was ſim- 
ple and eaſy to be practiſed: when 
the glaſs had ſtood on the graſs-plat 
one quarter of an hour, and had 


collected a quantity of vapour, I 


_ wiped its inſide with a piece of muſ- 
lin, the weight of which had been 
previouſly taken; as ſoon: as the 
glaſs was wiped dry, the muſlin was 
weighed again, its increaſe of weight 
ſhewed the quantity of vapour which 
had been collected. The medium 
increaſe of weight, from ſeveral ex- 
periments made on. the ſame day, 
e on Eg 


. 
between 12 and 3 o'clock, was b 
grains collected i in one quarter of an 
hour, from 20 ſquare inches of 
earth. If the reader takes the trou- 
ble to make the calculation, he will 
find that above 1600 gallons, reck- 


oning 8 pints to a-gallon, and eſti- 


mating the weight of a pint of Wa- 
ter at one pound avoirdupois, or 
7000 grains troy weight, would be 


raiſed, at the rate here mentioned, 
from an acre of ground in 24 hours. 


It may eaſily be conceived, that 


| the quantity thus elevated will be 


greater when the ground has been 
well ſoaked with rain, provided the 
heat be the ſame; I did not happen 
to mark the heat of the ground when 
1 made the fore- mentioned experi- 
ments; the two following are more 


3 circumſtantial : the ground had been 


-D- 4 Wer- 


EY 

wetted the day before I made them 
by a thunder ſhower, the heat of the 
earth, at the time of making them» 
eſtimated by a thermometer laid on 
the graſs, was 96 degrees; one ex- 
periment gave 1973 gallons from 
an acre in 12 hours, the other gave 
1905. Another experiment made, 
when there had been no rain for a 
week, and the heat of the earth was 
110 degrees, gave after the rate of 
2800 gallons from an acre in. 12 
hours ; the earth was hotter than the 
air, as 1t was expoſed to the reflec- 
tion of the ſun's rays from a brick 
wall. 

The heat in Bengal in the ſummer 
months is variable, in the ſhade from 
98 to 120 degrees *, and in the ſun 
it e does not fall ſhort of 
140 


# Phitof, Tranſ. 1767, page 218, and {or 


the year 1776, p. 202, 


T 


„ 
140 degrees; hence, after the earth 
has been well drenched by the over- 
flowing of the Ganges, immenſe 
quantities. of vapours muſt be daily 
raiſed, to the amount, perhaps, of 


five or fix thouſand gallons from an 


acre, in twenty-four hours. The 


rainy ſeaſon in Bengal laſts from the 


beginning of June to the middle of 


October; all this interval is conſidered 


as an unhealthy time, but eſpecially 
the latter part of it, for then the 
earth begins to grow dry, the ſlime 
left upon its ſurface, conſiſting of 
decayed vegetables and other putreſ- 
cent bodies, begins to corrupt; and 
the ſun, by its violent and continued 


action, raiſes up into the air not a 


pure water, but water impregnated 
with putrid particles of all kinds. 


Whether a merely moiſt ſituation 
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„ 
be unwholeſome, may be much 
queſtioned; but that moiſture ariſing 
from earth or water in a ſtate of pu- 
trefaction is ſo, cannot well be 
doubted. The overflowing of the 
Nile puts a ſtop to the plague in 
Egypt, infomuch, probably, as It puts 
a ſtop to the putrefaction of the ca- 
nals of Grand Cairo and other places, 
Agues and putrid fevers are much 
more frequent in the fens of Cam- 
 bridgeſhire and Lincolnſbire in very 
dry, than in wet years ; the Iriſh, who 
annually come to reap the harveſt in 
the fens of Cambridgeſhire, have 
been ſo ſenſible of the difference, 
that for the three or four years Jalt 
paſt, which have been very dry, they 
have entered upon their taſk with 
great reluctance, and apprehenſion of 
What they call the Fen-ſhake, The 
„„ States 


(18 

States of Holland, in the year 1748, 
laid the country around Breda under 
water, and ordered the water to be 
kept up till the winter, in order to 
ſtop a ſickneſs which had arifen from 
the moiſt and putrid exhalations of 
half-drained grounds“. The Arabs 
are ſaid to take a horrid kind of 
vengeance when they think them- 


ſelves injured by the Turks at Baſſora ; 


they contrive to overflow the adjoin- 
ing country: a peſtilential fever be- 
gins to ſhew itſelf as the land begins 
to grow dry by the evaporation of 
the water, and it rages with ſuch 
violence as to carry off many thou- 
ſands of the inhabitants of that city +. 
The nature of the ſoil muſt have 
a a great influence on the health of the 
people 
* Sir. F. Pringle” s Dif. of the Army, p. 63. 

+4 Philoſ. Tranſ. 1778, p. 215. 


(. 60.) 
people who inhabit it, ſo far as that 
is dependent on the moiſture or dry- 
neſs of the air. There is, probably, 
as much water raiſed into the air, 
in a hot day, from an acre of ground 
in the fens of Camtridee/hire, as is 
raiſed in two or three days from an 
equal ſurface in the ſandy parts of 
Norfolk and Suffolk. Not but the 
moſt ſandy country may have a very 
moiſt atmoſphere, when water hap- 


pens to be found near the ſurface ; 


for the heat of the ſun will penetrate 
through the ſand, and raiſe the water 
in vapour, which will find an eaſier 
paſſage through the ſand than it 
would do through a leſs open ſoil. 
Thus the ſoil in ſome parts of Dutch 
Brabant is a barren ſand, but water 
is every where to be met with at the 
depth of two or three feet, and in 

TE Propor- 


E 


n 


proportion to its diſtance from the 


ſurface the inhabitaats are free from 
diſeaſes “. 


Vegetation muſt be greatly influ- 


enced by the quantity of water which 


is raiſed from the earth; ſome ſoils 
retain humidity much longer than 
others, and one great uſe of marles 


and other manures, is, to render the 
foil on which they are put leſs liable 
to be deprived of its moiſture by 


the heat of ſummer, The water, in aſ- 
cending from the boſom of the earth, 
moiſtens the roots, and in being diſ- 
ſolved in the air, it affords nutriment 


to the branches of vegetables; but 
as vegetation may be injured either 
by a defect, or an exceſs of moiſture, 
and as different plants require dif- 


ferent quantities of it, for attaining 


f their 
* Diſeaſ. of the Army, p. 62. 


(6) 
their utmoſt perfection, it merits the 
attentive obſervation of the farmer 
to ſuit his plants and his manures to 
the nature of the ſoil. There are many 
ſandy and limeſtone ſoils, which are 
covered almoſt with flints or lime- 
| None pebbles; the crop of corn 
would, probably, be leſs, if theſe 
ſtones were removed : for they are 
ſerviceable, not only in ſheltering 
the firſt germs of the plant from 
cutting winds, but they impede the 
| eſcape of moiſture from the earth; 
the aſcending vapour ſtrikes upon 
that ſurface of the ſtone which is 
- contiguous to the earth, and is there- 
by condenſed, and thus its further aſ- 
cent is for a time, at leaſt, prevented, 
Upon the ſame graſs-plat, and 
contiguous to the glaſs uſed in the 
experiments, J placed a ſilver cup, 
= OY with 


8 
with its mouth downwards, of a 
ſhape ſimilar to that of the glaſs, and 
nearly of the ſame dimenſions ; but 
1 could never obſerve that its inſide 
had collected the leaſt particle of 
vapour, though I frequently let it 
ſtand on the graſs for half an hour, 
or more. | Py ; 
By means of a little bees wax, I 
faſtened an half crown very near, but 
not quite contiguous, to the fide of 
the glaſs, and ſetting the glaſs, with 
its mouth downwards, on the graſs, 


" it preſently became covered with va- 
is pour, except that part of it which 
Foe was near to the half crown. Not 
u only the half crown itſelf was free 
d. from vapour, but it had hindered 
% any from ſettling on the glaſs which 
he 


was near it, for there was a little 
PW ring of glaſs ſurrounding the half 
Ss crown 


( 64 ) 
crown to the diſtance of 2 of an inch 
which was quite dry, as well as that 
part of the glaſs which was 1imme- 
diately under the half crown; it 
ſeemed as if the ſilver had repelled 
the water to that diſtance. A large 
red wafer had the ſame effect as the 
half crown; it was neither wetted 
itſelf, nor was the ring of glaſs 
contiguous to it wetted. A circle of 
white paper produced the ſame effect, 
ſo did ſeveral other ſubſtances, which 
it would be tedious to enumerate. 
Theſe phenomena, reſpecting the 
different diſpoſitions of different bo- 
dies to attract the ry/ing vapour, are 
ſimilar to what others have taken 
notice of concerning the falling of 
dew, and are, probably, to be ex- 
plained upon the ſame principles, 
whatever they may be. Mauſchen- 
15 .  broek 
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broek placed on the leaden terrace of 
the Obſervatory at Utrecht, veſſels 
of glaſs, china, varniſhed wood, po- 
liſhed braſs, and pewter; he found 
that in the courſe of a night the glaſs, 
china, and varniſhed wood, had col- 
lected a great abundance of dew, 
but that not a drop had fallen on any 
of the poliſhed metals „M. du 


Fay expoſed to the air, when the 


dew was falling, two large funnels, 
one made of glaſs, the other of po- 
liſhed pewter; the necks of the fun- 
nels being inſerted into veſſels pro- 
per to retain any moiſture which 
might be collected by them; he 


ſometimes found in the morning that 


the veſſel under the glaſs funnel con- 
tained an ounce or more of water, 
VOL. III. E. but 
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but he never obſerved ſo much as 2 
drop in the other“. 

A great part of the water which 
is raiſed into the air from the per- 
ſpiration of the earth during a hot 
day, deſcends down again upon its 
ſurface in the courſe of the night; 
and this is the reaſon that the dews 
are the greateſt in the hotteſt wea- 
ther, and in the hotteſt climates. 
The earth retains the heat it receives 
in conſequence of the ſun's action 
longer than the air does; water, 
moreover, is evaporable in all de- 
grees of heat; hence water may con- 
tinue to riſe from the earth, when 
the air, being cooled by the abſence 
of the ſun, is no longer able to ſuſtain 
what 3 is thus raiſed, or to retain what 

5 
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and a dew from theſe different cauſes 
may, under certain circumſtances, 


the whole night. 
Egypt, at one ſeaſon of the year, 
is ſo parched up by the heat, that 


time the dew, proceeding from the 
vapour exhaled from the earth, is 
very plentiful, and by its plenty pre- 
vents the total deſtruction of the 
country. This dew is particularly 


thrive very well, bloſſom and ripen 


u their fruit. Therefore, the upper 


t parts of the Egyptian trees, at one 


time of the year, do the office of 


it had taken up during the day time, 


be found both to riſe and fall during 


the ſurface of the ground becomes 
quite rugged with fiſſures; at this 


ſerviceable to the trees, which would 
otherwiſe never be able to reſiſt the 
heat; but with this aſſiſtance they 
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7 88} 
roots, attracting nouriſhment by 
their abſorbent veſſels, the leaves, 
from the moiſt air.“ 

The quantity of water which was 
condenſed on the inſide of the glaſs, 
I found to be accurately proportion- 
able to the time during which it 
ſtood on the graſs; for in one ex- 
periment 6 grains were collected in 
10 minutes, and in another 15 grains 
were collected in 25 minutes; now 
the proportion of 6 to 10 is the ſame 
as that of 15 to 25. 2 

In order to ſee whether the copious 
vapour collected by the glaſs was 
owing to the natural perſpiration of 
the graſs, or to a kind of mechanical 
diſtillation from the body of the 
earth, IJ put the glaſs upon a foot- 
path which was dry, and had no 
graſs 
* Haſſelquiſt's Voy. p. 455. 


lowing hypotheſis 
earth to be a globe of rock ſalt, and 


0 
graſs growing upon it, the vapour 
roſe from the footpath as well as 
from the grafs, but not ſo abun- 
dantly. 3 
From what has been advanced, 


it may, probably, be juſtly inferred, 


that the air contiguous to, or not 
far removed from, the ſurface of the 


earth, whether that ſurface be plain 


or mountainous, barren, or covered 


with vegetables, will be much more 
loaded with the vapour which ariſes 


conſtantly from the earth, than that 
which is at the diſtance of even 2 


few yards from the ſurface, This 


point may be illuſtrated by the fol- 


to be covered witn water to the 


height of a mile; imagine the wa- 
ter to be divided into four ſpherical 


. ſhells, 


— Suppoſe the 
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So, 

ſhells, each 2 of a mile in thickneſs. 
Now the firſt ſhell, which is ſup- 
poſed to be contiguous to the ſur- 
face of the ſalt, would ſoon ſaturate 
itſelf with the ſalt, and becoming 
thereby heavier than the water at a 
greater diſtance, it would not, by 
the ordinary motion. of the winds 

and tides, ſoon mix itfelf with the 
whole maſs of water; but it would 
contain far more ſalt in ſolution than 

the ſecond ſhell, and the ſecond 
would contain more than the third, 
and the third more than the fourth. 
Let us further ſuppoſe the ſalt con- 
tained in the whole of the water to 
be precipitated, and the precipita- 
tion to begin from the ſhell fartheſt 
removed from the ſurface of the 
earth; it is evident, that the quan- 
tity of the precipitate will increaſe, 

5 doe 


. ** 
not ſimply with the increaſe of ſpace 
through which it has deſcended, but 
in a much higher proportion, inaſ- 
much as the laſt ſhell through which 
it deſcends may be ſuppoſed to con- 
tain three or four times as much ſalt 
as the uppermoſt, In like manner, 
it ſeems reaſonable to ſuppoſe that 
the air which is near the furface of 
the earth will be much more charg- 
ed with water, which it diſſolves as 
water diſſol ves ſalt, than that which 
is ſituated at the diſtance of even a 
few yards from the ſurface, . 
Dr. Heberden was the firſt perſun 
who took notice that a much larger 
quantity of rain falls into a rain— 
gage ſituated near the ſurface of the 
earth, than into one of the ſame di- 
menſions ſituated a few yards above 
. uz 


Tm) 

| it*; and he thinks that this differ- 
ence-1s to be explained from ſome 
unknown property of electricity. 
The fact is placed beyond contro- 
verſy, by experiments which have 
been made at various places; at 
Liverpool in particular it has been 
obſerved, that © a veſſel ſtanding on 
the ground in a ſpacious garden, re- 
_ ceived double the quantity of rain 
which fell into another veſſel of 
equal dimenſions placed near the 
ſame ſpot, but eighteen yards high- 
er .“ I am far from thinking that 
the foregoing obſervations relative 
to the quantities of water contained 
in 1 equal bulks of air at different 


heights 


* Phil, Tranſ. 1769, p. 361. 

I See an ingenious eflay on the ſubject, by 
Dr. Percival, who has explained the pheno- 
menon from the known principles of electri- 
_ city. Eſſays by Dr. Percival, p. 112. 
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marked, that rain-gages placed at 


equal diſtances from the ſurface of. 
the earth, collected nearly equal 


quantities of rain, though one of 


them was ſituated on a plain, and tage 


other on a mountain 450 yards in 


height above the plain“: this obſer- 
vation is ſome confirmation of the 
hypotheſis which has been mention- 
ed, as on that ſuppoſition it follows, 


that the air at the ſame diſtance from 
the ſurface of the earth, is equally 


impregnated with water, other cir- 
cumſtances being the ſame, and 
therefore equal quantities of rain 
ought to be collected by veſſels 


3 at equal diſtances from the ſur- 


face 


* Philoſ, ' rand 1772, p. 294. 


heights from the ſurface of the earth, 
contain a ſatisfactory explanation of 
this phenomenon ; yet it may be re- 
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face of the earth; though according 
to the ſame ſuppoſition, a much 
large: quantity c to be collected 
by a veſſel placed on the ſurface, 
than by one placed a few yards above 
it. Thus this hypotheſis, admitting 


its truth (which future experiments 


will perhaps citabliſh), ſeems as if it 
was ſufficient ior explaining the phe- 
nomenon; I would be underſtood 
however to mention it with much 
diffidence, and was I as much ſkilled 
in electricity, as the very worthy and 
ingenious perſon, who firſt noticed 
the fact, is in every branch of natu- 
ral philoſophy, I might probably 

have ſeen reaſon not to mention it at 
All. | 


ESSAY 


TT 88% AY I 
OF WATER DISSOLVED IN AIR. 


JJ E have ſeen, in the preced- 
ing Eſſay, that large quan- 
tities of water are raiſed from the 
| earth in the hotteſt weather: the wa- 
ly | ter, which is thus elevated, is no 
| more viſible in the air, than a piece 
of ſugar is viſible in the water where- 
| in it happens to be diſſolved, nor is 
the tranſparency of the air injured 
Y by the water it has received from the 
1 | earth, 
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earth, and therefore we conclude 
that the water 1s not merely mixe 
with the air, but really diſſolved 1 
it; a perfect tranſparency of thi 
fluid, in which any body is diſſolved, 
being eſteemed the moſt unequivo- 
cal mark of its ſolution. 
The cauſe of the aſcent, faſpen: 
ſion, and deſcent of vapours, is not 
yet fully determined ; many think 
that electricity is the principal agent 
in producing theſe phenomena*; 
whilſt others are of opinion, that wa- 
ter is raiſed and ſuſpended in the air, 
much after the ſame manner in which 
ſalts are raiſed and ſuſpended in wa- 
ter; and it muſt be owned that this 
opinion 


* Philoſ, Tranſ. 1755, p . 124. Electri- 
citas vapores in atrem extollit, in acre ful- 
pendit, et ex atre in tellurem depluit. Prof. 
| Bayers Exp. de Elec, Theo, p. 106, 
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| opinion (which future experience 
| may ſhew not to be wholly incon- 
| ſiſtent with the other) has a great 
appearance of probability. 

| Salts, in general, are more ſpeedi- 
| ly diſſolved in warm water than in 
| cold; and water, in like manner, 1s 


more ſpeedily diſſolved in warm air 


it | than in cold. We have a ſenſible 


k proof of this in the exhalation of 


dev, it being much ſooner dried up 
nn places expoſed to the direct rays 
of the ſun, than in the ſhade, becauſe 
r, the air in the ſhade being ſome de- 
ch grees colder than that in the ſun, is 
a- not able to diſſolve the ſame quanti- 
is ty of water in the ſame time. 

on When water is ſaturated with any 
kind of ſalt in a definite degree of 
inf. heat, then will it retain the falt as 
long as it retains its heat; but if the 


K „ heas 


x Ras. hem I ——— — Loca 


5 ( 78 ) 

heat be leſſened, the tranſparency of 
the ſolation will be deſtroyed, a part 
of the ſalt will become viſible, and 
fall to the bottom, in conſequence of 
its ſuperior weight; what falls to the 
bottom will be re- diſſol ved, as ſoon 
as the water regains its heat. It is 
obvious that the quantity of the 
ſalt which is precipitated from the 
cooling of the water, will depend 
partly on the degree of heat in which 
the ſolution is ſaturated, and partly 
on the degree of cold to which the 
ſolution is reduced. Thus water of 
do degrees when ſaturated with alt, 
contains more ſalt than it would do 
if it had only 70 degrees of heat, and 
in being cooled to 50 degrees, the 
precipitation of ſalt will be greater 
in the firſt inſtance, than in the ſe- 
. cond; though it might probably be 
„ the 


17989 


the ſame, if the ſolution of 80 de- 


grees was cooled only to 60, and 
that of 70 to 50. Something very 
analogous to all this may be obſerv- 
ed with refpe& to the ſolution of 
water in air, In miſty weather we 


frequently fee the miſt of the morn- 
ing intirely vaniſhing towards the 


middle of the day, and coming on 
again towards the evening ; the rea- 
ſon of which ſeems to be, that the 
air being warmed by the approach 
of the ſun to the meridian, is able 


to diffolve the morning miſt, but as 
the air grows colder again towards 
| the evening, the water which had 


been perfectly diſſolved by the mid- 


day heat begins to be precipitated, 


the tranſparency of the air is deſtroy- 


ed, and an evening miſt is formed. 


This phenomenon has been ob- 
N ſerved 


5 ( bo ) 
ferved to prevail, in the coldeſt at- 
moſphere that has ever yet been 
taken notice of, on the ſurface of 
the globe; for in January 1735, 
when the cold in Siberia was equal to 
157 degrees below the freezing point 
in Fahrenheit's thermometer, the low- 
er region of the air was obſcured by 

a perpetual cloud, which was very 
thick in the morning, thinner to- 
wards noon, and thicker again at 
night®.. „ 

Miſts and dew will, generally 
ſpeaking, be the greateſt when the 
difference between the heat of the 
air in the day time, and at night, 
is the greateſt, becauſe the hotter the 
day, the greater is the quantity of 
water which is diſſolved; and the 
colder the night, the greater will be 
FVV rw Uů 
Novi Commen, Petrop. Tom. VI. p. 429, 
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the quantity which is precipitated, 
It often happens that there is no miſt. 
obſervable towards the cloſe of the 
day ; this may be occaſioned, either 
by there being little difference in 


| the heat of the air at noon, and at 


night; or, though that difference be 


conſiderable, yer the air may chance 


not to be ſaturated with water, and 
in that caſe it may, even in the night, 
be warm enough to retain all the 
water it had diffolved in the day 
time. In cold weather the breath 
of animals becomes viſible, becauſe 
the air is not warm enough to diſ- 
lolve the moiſture which is exhaled 
from the lungs *, 

VOL. III. F IT 


* The breath is viſible if tlie temperature 


Of f the air be colder than 61 degrees. Caval, 
| on Air, p. 400. The degree of cold in which 
| it is viſible, depends partly on the humidity, 
der chyneſs of the air, 


r * 
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It is not unuſual for a river in 
winter time, to be much warmer than 


the air, hence, the vapour which riſes 
from the river is condenſed, the air 


not being able to diſſolve it, and a 


cloud or miſt of ſmall elevation, is 
ſeen to accompany the river in its 


courſe; this appearance ceaſes, as 
ſoon as the river is frozen, becauſe 


the ice, though it be ſubject to eva- 


poration, yet it does not yield ſo 
much vapour as water does *. _ 
A cubic inch of rock ſalt, nitre, 


or any other kind of ſalt, is much 


longer in being diſſolved, when 1t 15 
in a compact ſtate, than when it is 
reduced into a fine powder, becauſe 
the ſalt, when in the form of a pow- 


* Angara fluvius note glacie conſiſtit, quo 


facto nebula illa perpetua, hue uſque ex fluvic 


voc evecta, ceſſavit. Novi Comm, Petrop- 
Vol. VI. p. 436. „ 


E 
der, has a much larger ſurface ex- 
poſed to the action of the water, 


than if it was in one ſolid lump. In 


like manner, the air will diſſolve any 
definite quantity of water ſooner, 
when the ſurface of the water is in- 


creaſed by its being in the form of a 


vapour, than it would do if the wa- 
ter was either in the form of ice, or 
in its ordinary fluid ſtate, Theſmoke 
of a chimney conſiſts principally of 


water, in the ſtate of vapour, and it 


is really aſtoniſhing, to ſee how 
quickly, in particular ſtates of the 
atmoſphere, it is diſſolved in the air. 
It has been remarked, that the 
ſmoke of mount Vgſuvius is much 
more ſtrong and viſible in rainy, 
than in Rar weather; * if this phe- 


D 3. nomenon 


Leit. fur la Mineral, par M. Ferber, 
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nomenon does not proceed from the 
greater quantity of water, which is 
raiſed from the mountain in wet, 
than in dry weather; it may be ac- 
counted for, from the greater facility 
with which aqueous vapours are diſ- 
ſolved in a dry ſerene air, than in 
one which is ſo ſaturated with water, 
that it can diſſolve no more; which 
is the caſe, in general, of air, which 
parts with its water, in the form of 

rain or miſt. 35 N 
In riding upon wet ſand in a hot 
day, a kind of tremulous motion in 
the air, to the height of a foot or 
more above the ſand, may be ob- 
ſer ved; this appearance may proceed 
from hence, that the water in riſing 
from the ſand, is not immediately 
diſſolved in the air. A ſimilar appear- 
ance may often be obſerved on land, 
| elpe- 


„ 
eſpecially in corn fields towards au- 
tumn; the water which is exhaled 
from the ſtanding corn, not mixing 


itſelf at once, fo effectually with the 


air, as to conſtitute with it an appa- 
rently homogeneous fluid. Some- 


thing of the ſame kind happens, 


when either ſaline ſolutions, wines, 
or vinous ſpirits of any kind, are 
poured into a glaſs of water, the 
compound fluid muſt be agitated, 
or the mixture will not at firſt be 
uniform. 

The quantity f water contained 
in the air, even in the drieſt weather, 
is very conſiderable. We may be 


ſaid to walk in an ocean; the water 


indeed of this ocean does not, ordi- 


narily, become the object of our 
ſenſes, we cannot ſee it, nor, whilſt 
it continues diſſolved in the air, do 
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we feel that it wets us, but it is Aill 


water, though it be neither tangible 


nor vifible; juſt as ſugar, when diſ- 

ſolved in water, is ſtill ſugar, though 

we can neither ſee it nor feel it. 
Some philoſophers have doubted, 


whether the weight of the, air may 


not chiefly be attributed to the wa- 
ter which is conſtantly ſuſpended in 
it*. But whether this conjecture be 


admittge or not, the power which the 


air has of keeping a great quantity of 


water diſſolved in it, may very 
properly be applied to the illuſtra— 


tion of that text, in which it is ſaid, 


God dividea the waters which were 
under the firmament, from the waters 
which were above the firmament , 


without © having recourſe with Epi/- 


copius, 


* „ Boerh, Chem. Vol I. p. 5515 
+ Gen. i. 7. 


1 

eopius, to the very unphiloſophical 
ſuppoſition of the blue ſky being 
a ſolid ſubſtance compoſed of con- 
gealed water *. Some are puzzled 
to find water enough to form an 
univerſal deluge; to aſſiſt their en- 
deavours it may be remarked, that 
was it all precipitated which is diſ- 
ſolved in the air, it might probably 
| be ſufficient to cover the ſurface of 
the whole earth, to the depth of 

above thirty feet. 
The air not only diſſolves water, 
but various other vapours, which con- 
„ fit 


Extima five ſuprema hujus aëris regio 
attingit fornicem illum cæruleum, in quo 
poſtea die quarta ſtellæ fixæ collocatz ftie- 
runt; qui fornix cæruleus mihi eſſe videtur 
aquarum in altum elevatarum, et cryſtalli in- 
morem ſeu condenſatarum, ſeu conglaciata- 
rum, cæruleoque colore radiantium, compa- 
Les. pi Int. Theol, Lib, iv. e. 3. 
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fiſt partly of water, and partly of vola- 
tile ſalts and oils. All vegetables, 
whether aromatic or not, are found 
to perſpire very greatly, and the mat- 
ter which they perſpire, could it be 
condenſed, would, probably, be ſo 
far different from pure water, as to 
have both a taſte and ſmell, The 
matter perſpired by animals, without 
ſweating, conſiſts principally of wa- 
ter, but the water is ſtrongly impreg- 
nated with odorous particles, It has 
been ſaid of Baron Haller, that he 
could ſmell the perſpiration of old 
people, at the diſtance of ten yards; 
this 1s by no means incredible, for the 
human body is conſtantly enveloped 
in an inviſible cloud, ariſing from the 
great quantity of matter which is 
; eee perſpired, Sanctorius eſti- 
mates the Jenſit ble excrctions of f 
perſo 


Dr 
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perſon who eats and drinks 8 lhs of 


food in 24 hours, at 3 lbs, and the 
inſenſible perſpiration at 5 lbs; but if 
we ſuppoſe the inſenſible perſpira- 
tion in this climate (which is colder 
than that of Venice, where he made 
his experiments) to amount only to 


one half of our food, we cannot but 


conclude, that it muſt form a great 
cloud around us; for 4 lbs of matter 


converted into a vapour as heavy as 


zir, would occupy a great ſpace, 
amounting to above 50 cubic feet. 
The heat of the human body is ge- 
nerally between go and 100 degrees; 


this degree of heat is ſufhcient to 


raiſe from it, by a kind of diſtilla- 
tion, a copious vapour, which would 
become viſible, if the heat was in- 
creaſed : I remember having been 


greatly heated and fatigued in aſ- 


cending 


„„ 
cending the ladders from the bottom 
of the copper mine at Eon; when 
I got to the top I obſerved, by the 
light of a candle, a thick vapour 
recking from the body, and viſible 
around it, to the diſtance of a foot 
or more. 

The diſpoſition of the air for dif- 
ſolving either pure water, or the 


animals, is very various, depending 
chiefly on its denſity, beat, and dry- 
neſs. The power which dogs have 
of ſcenting the animal they are in 
purſuit of, muſt be much affected 
by this diſpoſition of the air; for 
the air through which the animal 
has paſſed, is impregnated with the 
matter perſpired from its body; and 
this matter may in one ſtate of the 


air be ſo ſpeedily diſſolved, and. ſo 


much 


mu 
to! 
ver 
nei 


ter 
| th 
matter perſpired by vegetables, or 


„ 


much as it were diluted with air, as 
ö to make either no impreſſion, or a 
very ſlight one, on the olfactory 
| nerves of the dog; whilſt in another, 
it may make a very ſenſible one. 
And if we ſuppoſe the perſpirable 

| matter not to conſiſt chiefly of wa- 
ter®, but of ſuch particles as are 
| thrown off by perfumes, without 
E their loſing ſenſibly of their weight, 
| till it will be true, that the ſtate of 
| the air muſt have a great influence 


in 


* If the whole body of a naked man, ex- 


| cept his mouth and noſtrils, was ſhut up in a 
glaſs caſe, ſo that no air could enter, the mat- 
| ter of the 72/enfible perſpiration would, pro- 
| bably, be condenſed, and ſtand as dew on the 


inſide of the glaſs; and I apprehend it would 


not differ much from the matter of the /en/ible q 
| perſpiration, or ſweat. But if any one be 
| diſpoſed to conſider the inſenſible perſpiration, 
s an uncondenſable fluid, or a kind of air 


fimilay 


En 
in rendering them ſenſible; fince it 
has been found, that on the tops of 
very high mountains, where the ſtate 
of the air is very different from 
what it is in the valleys below, the 
moſt odorous bodies loſe either in. 


tirely, or in a great degree, their 
powers of exciting a ſmell.— The 
exiſtence of water in air is made ap- 
parent various wayͤs. 

[If a bottle of wine be fetched out 
of a cool cellar, in the hotteſt and 
dricſt day in ſummer, its ſurface 
will pretentiy be covered with a thick 
vapour, Which, when taſted, appears 


fo 
fimilar to that which ariſes from vegetable 
fluids, in a ſtate of fermentation (the heat of 
termenting wort being much the ſame as that 
of an amima) body), ſtill its mixture with the 
atmoſpherical air muſt depend very much on 
the weight, humidity, and ON propertis 
of that air, 
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f to be pure water. This watery va- 
| pour cannot proceed from any exu- 
dation of the wine, through the 
N pores of the bottle, for glaſs is im- 
| pervious to water, and the bottle 
| remains full, and when wiped dry, it 
is found to weigh as much as when 
taken out of the cellar, © The 
fame appearance is ' obſervable on 
; the Quiſide of a ſilver, or other veſ- 
ſel in which iced water is put in 
| ſummer time; and it is certain, that 
; the water which is condenſed on the 
N ſurface of the veſlel, does not pro- 
g ceed merely from the moiſture ex- 
haled by the breathing of the people 
in the room, where this appearance 
N is moſt generally noticed, becauſe 
i the ſame effect will take place, if 
| the \ellc] be put in the open air. 
Water which is cooled by the ſolu- 


tion 
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tion of any falt, or even ſpring wa- 
ter, which happens to be a few de- 
grees colder than the air, produces 
a ſimilar condenſation of vapour on 
the outſide of the veſſel in which it 
is contained. Theſe and other ap- 
pearances of the ſame kind, are to 
be explained on the ſame principle, 
Warm air is able to retain more wa- 
ter in ſolution than cold air can; 
when therefore warm air becomes 
contiguous to the outward ſurface 


of a veſſel, containing cold liquor, Þ 


it is preſently cooled to a certain de- 
gree, and in being cooled, it is fore. 
ed to part with ſome of the water 
which it had diſſolved, and this wa— 
ter, ceaſing to be ſuſpended by the 
air, attaches itſelf. to the ſurface of 
the cold veſſel. 
The more ancient philoſopher 
no 


—ͤͤä — 
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not ſuſpecting that water might be 
diſſol ved in air, were of opinion that 
the moiſture which they obſerved 
adhering to the outſides of veſſels, 
which had been cooled by having 
ſno put into them, proceeded from 
a tranſmutation of air into water“. 
But there ſeems to be no more rea- 
ſon for this ſuppoſition, than there 


would be for ſaying, that water was 


changed into ſaltpetre, from obſerv- 


ing that water which had diſſol ved 
as much ſalrperre as it could, in a 
certain 


* Nature myſtas arcano modo, fed facili, 


| atrem in aquam mediis caloribus cogere docebit 
| abjecta hæc nix, fi vitro conicæ figuræ, intra 
| tripodem, apice deorſum vergente ſuſpenſo, 
| indatur nivis vel glacici fruſtum. 
jecto vaſculo excipiuntur, exteriore vitri frigi- 
ditate collectæ, et laterum declivitate manantes 
| aquz guttæ. Bartholinus de Figura Nivis, p. 3. 
dee alſo Boyle's Worſts, Vol. II. p. 297. 


Quippe ſub- 
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certain degree of heat, depoſited a 
part of it, when that degree of heat 
was leſſened. . 
Another method of proving the 
exiſtence of water in the cleareſt air, 
Is, to obſerve the increaſe of weight, 
which certain bodies acquire by ex- 
poſure to the open air, I put upon 
a plate 8 ounces of falt of tartar, 
which had been well dried on a hot 
iron; the day was without a cloud, 
and the barometer ſtood at 30 inches; 
in the ſpace of three hours, from 
11 to 20'clock in the afternoon, the 
ſalt had increaſed in weight two 
ounces; in the courſe of a few days 
its weight was increaſed to twenty 
ounces, it was then quite fluid, and 
being diſtilled it yielded a pure wa- 
ter equal in weight nearly to the 
increaſe it had acquired from the air, 
| + ang 


: 
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and therefore it is rightly inferred, 

that water was the ſubſtance which 

it had attracted from the air. 
Strong acid of vitriol is another 


body which very powerfully attracts 


humidity from the air. An ounce 


of this acid has been obſerved to 


gain, in 12 months, above ſix times 


its own weight *. The power of the 
acid to attract water from the air, 
depends upon its ſtrength, for it 


may be ſo far diluted, that inſtead 
of attracting any more water from 


the air, it will, by evaporation, loſe a 


part of that which it had acquired ; 
when it is in this ſtate, its weight 


varies with the dryneſs or moiſtneſs 


of the atmoſphere, and it becomes, 

when accurately balanced in a good 

pair of ſcales, no bad kind of an by- | 
vor. i. G grometer, 
* Newm. Chem. by Lewis, p. 101. 


1 
grometer. The time in which any 
definite quantity of acid acquires its 
greateſt weight from the air, depends 
partly upon the quantity of water 
which is diſſolved in the air, and 
partly upon the ſurface of the acid 
Which is expoſed to the air, it hav- 
ing been aſcertained by experiment, 
that the quantity attracted from the 
air, in a definite portion of time, is 
greater as the ſurface is greater, 
Hence, inſtead of a twelve months 
expolure to the air being requilite 
to make one ounce of acid of vitriol 
acquire ſix ounces of water, it might 
poſſibly acquire that weight in a few 
minutes, if its ſurface was enlarged 
in a due proportion, 

Onions and other bulbous roots, 
when hung up in a room ſheltered 
from rain and dew, are obſerved to 

germi⸗ 


—— — 8 
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germinate, and to acquire a great 


increaſe of bulk, and it might thence 


| have been ſuſpected, that they at- 
tracted much water from the air, 


and were increaſed in weight. But 
though they may increaſe in bulk, 
they are found to decreaſe in weight; 
the root itſelf, in becoming rotten, 
ſupplies nutriment to the germinat- 
ing plant; and if it imbibes any 


thing from the air, it loſes that and 
more by perſpiration, An onion 


on the 26th of January, when 


it had ſcarce begun to ſhew any 
| figns of vegetation, weighed 296 


grains; on the 16th of the ſollowing 
May, after having put forth ſeveral 
ſtems in the on air, it weighed only 


145 grains * 
The ele of weight which the 


0-4 -- human 
» Novi Com. Petrop. Tom. II. p. 225 · 
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human body, in many caſes, experi- 
ences from the water which the pores 
of the body ſuck in from the air, 
is another very ſenſible proof of the 
great quantity of water which is 
conſtantly diſſolved in the air. 
« Keil has proved, that a young 


man weakened from want of nou- 
riſhment, but in other reſpects 


healthy, added eigliteen ounces to 


his weight, in the ſpace of one night, 


and this by the abſorption through 
his pores. Another perſon has been 
Teen to gain 40lbs. weight, in the 
ſame manner, in the ſpace of a day. 
M. de Haen is of opinion, that 
dropſical patients abſorb more than 
 100lbs. weight every day, It is 
ſuppoſed, that in general, the body 


abſorbs more than 11b, every day 


by 


101 

by the pores *.” The ſkin of a 3 
middle: ſized man is equal to about 
15 ſquare feet, and if we ſuppoſe the 
ſkin of a dropſical perſon to be 20 1 
ſquare feet, then will each ſquare 
foot imbibe zlbs. or pints of water 
in one day. 
In addition to theſe inſtances I 
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will ſubjoin the following account, 
which was given me by a perſon of 
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credit and judgment. A lad at New- 
market, a few years ago, having 
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been almoſt ſtarved, in order that he 


——_——— 
1 


3 | eic 1 
might be reduced to a proper weight . 


for riding a match, was weighed at 
g o'clock in the morning, and again 
at 10, and he was found to have 
gained near 30 Ounces in weight in 


the courſe of an hour, though he 1 
Trcatiſe of Phyfic by Zimmerman. Vol. IF. 
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human body, in many caſes, experi- 
ences from the water which the pores 
of the body ſuck in from the air, 


is another very ſenſible proof of the 


great quantity of water which is 
conſtantly diſſolved in the air. 
c Keil has proved, that a young 
man weakened from want of nou— 
riſhment, but in other reſpedts 


healthy, added eighteen ounces to 


his weight, in the ſpace of one night, 
and this by the abſorption through 
his pores. Another perſon has been 


ſeen to gain 4olbs, weight, in the 


ſame manner, in the ſpace of a day. 
M. de Haen is of opinion, that 
dropſical patients abſorb more than 
10olbs. weight every day, It is 
ſuppoſed, that in general, the body 
abſorbs more than 11b, every day 


by 


"0-7 
by the pores *,” The ſkin of a 
middle- ſized man is equal to about 
15 ſquare feet, and if we ſuppoſe the 
ſkin of a dropſical perſon to be 20 
ſquare feet, then will each ſquare 
foot imbibe zlbs. or pints of water 
in one day. . = 
In addition to theſe inſtances I i 
will ſubjoin the following account, 
which was given me by a perfon of ll 


3 


credit and judgment. A lad at New- 1 
market, a few years ago, having 1 
been almoſt ſtarved, in order that he 
might be reduced to a proper weight 

for e riding a match, was weighed at 
9 o' clock in the morning, and again 
at 10, and he was found to have 
gained near 30 ounces in weight in 

the courſe of an hour, though he 
"0.3 had 


Treatiſe of Phyſic by Zimmerman, Vol. II. 
Pc 128. 


Tt wy 
had only drank half a glaſs of wine 
in the interval. The wine probably 
ſtimulated the action of the nervous 
ſyſtem, and incited nature, exhauſted 
by abſtinence, to open the abſorb- 
ent pores of the whole body, in or- 

der to ſuck in ſome nouriſhment 
from the air. Something ſimilar to 


this was the caſe of the negro, who, 
being gibbetted alive, regularly 


voiced every morning a large quan- 
tity of urine, but diſcharged no 
more till about the ſame hour the 
next day * ; the dews of the even- 
ing at Charles Town in South Ca- 
rolina, imbibed by his body, ſuppiy- 
ing a ſuperabundance of fluids in the 


night, and a ſufficient quantity to 


ſupport perſpiration in the day. It 


has beenobſerved, that neitherhogs 


nor 


Medical Tranſ. Vol, II. p. 103. 


4 %% 

nor beaſts of burden ever drink in 
Jamaica, and yet they are continu- 
ally ſweating, The air is fo moiſt, 
that the abſorbing pores of theſe 
animals imbibe a ſuSiency of wa- 
ter *.” The imbibition of water 
through the pores of the ſkin is an 
acknowledged fat ——© it is well 
known, that perſons who 99 into a 
warm bath, come out ſeveral ounces 
heavier than they went in; their 
bodies having imbibed a correſpon- 
dent quantity of water T. Part of 
the utility of medicated and vapour 


+ 


| baths, depends upon this principle. 
of imbibition by the pores : and it is 


ſaid that thirſt may be allayed by 
bathing | in warm ſea water, the pores 
G 4 im- 


* Treatiſe of Phyſ. Vol. II. p. 101. 
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imbibing the water, and carrying it 
to the inteſtines, but not ſuffering 
the diſſolved ſalt to accompany the 
water. : h 

With reſpect to the quantity of 
water ſuſpended in the whole atmo- 
ſphere, or even in a column of the 
atmoſphere, of a definite baſis, in- 
cumbent on 'any particular ſpot, it 


cannot be aſcertained with preciſion, 


unleſs we knew ſome method of de- 


priving the air of all the water it 
contains, and could at the ſame time 


make the experiment at different 
diſtances from the ſurface of the 
earth. For it is not only probable, 
that a cubic yard of air, contiguous 
to the ſurface of the earth, contains 


at different times very different 
quantities of water, even at the ſame 


place, according as the ground is 


moiſt 


(1060 
moiſt or dry, or the temperature of 
the weather warm or cold; but we 
have great reaſon to believe, that at 
the ſame inſtant of time, a cubic 
yard of air, which touches the ſurface 
of the earth, contains as much wa- 
ter as three or four cubic yards, 
which are ſituated at the diſtance of 
thirty or forty yards above it. For 
the water which riſes from the ſur- 
face of the ocean, from the perſpi- 
ration of organized bodies, whether 
vegetable or animal, or from the 
mere action of the ſun on a moiſt 
earth, in being diſſolved in the air as 
ſoon as it riſes, makes the air near 

the ſurface heavier than that which 

is at a diſtance from it, and on that 
account the motion of the air, unleſs 
ei be violent, will not readily mix 
the lower and heavier air with the 
higher : 


(6106 
higher and lighter, and the lower air 
will conſequently contain more water 
in a definite bulk, than the higher, 


To what has in a former Eſſay been 
obſerved on this ſubject, the follow- 


ing illuſtration may be added, If 
into a deep drinking glaſs half full 


of water, you gently pour a glaſs of 


port or claret, you will ſee the wine 
mixing indeed itſelf lowly with the 
water, but that part of it which is 
near the water, will be much more 
impregnated, in any definite portion 
of time, with water, than the more 
remote parts, it will be a conſider- 
avle time before the water will be 
uniformly diffuſed through the wine, 


if they are left undiſturbed ; nor 
does a gentle undulating motion 


ſoon mix them, and this difficulty of 


mixing them would be ſtill much 


greater, 


(107. -J- 
greater, if there was a greater dif- 
ference in their reſpective weights, 
or if the upper parts of the wine were 
leſs denſe than the lower. Now this 
is the caſe in the air, which is not 
only above 800 times lighter than 
water, but its parts, which are far 
removed from the ſurface, are much 
leſs denſe than thoſe which are con- bo” 
tiguous to it, That denſe air holds — MW 
more water in ſolution than rarefied _ IT 
air, is proved from hence; that when 


common air 1s rareficd under the i 
receiver of an air-pump, a part of 
the water which is contained is pre- 
cipitated, in the form of dew; this 
WW anſwers to the precipitation of ſalt 
from a faline ſolution, when part of 
the water is taken away, which held 
the ſalt in ſolution. Hence, as cold 
tends to render the air more denſe, 
) I — I 
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is aſſerted, that water is as evapor- 


1 
it certainly contributes to its holding . 
more water in ſolution than it would 


do, if it was more rarefied under the . 
ſame degree of heat: but as hot air E 
diſſolves more water than cold air, : 
and as air is rarefied by heat, it is : 
evident, that the denſity and heat of p! 
the atmoſphere in ſome meaſure 6 
counteract each other, with reſpect 
to the power the air has in diſſolving , 
water: the law according to which 1 
this power varies, 1n different de- f 


grees of heat and condenſation, is 
not determinable from any experi- 
ments which have yet been made. 


It may not be improper to take | 
notice, in this place, of an objection | 
which is uſually made to the doctrine | 
here advanced, —— of water being | 


ſuſpended in the air by ſolution—It 


able 


6109 1 85 
able in an exhauſted receiver, where 
there is no air, as in the open air “. 


It is certain, that heat will evaporate 


water, and great degrees of it may, 


probably, evaporate it faſter i vacuo 


than in the open air, inaſmuch as 


the preſſure of the air may tend to 


obſtruct the action of the heat, in 
converting the water into vapour. 


Thus, quickſilver is not, I appre- 


hend, evaporable in the open air, yet 
it has long been remarked to be 


evaporable in vacuo, as may be col- 


lected from the little globules of 
quickſilver, generally found adher- 
ing to the upper part of a barome- 
ter, and which ariſe from the vapour 


which inſenſibly eſcapes from the 
ſurface of the quickſilver in the 
5 tube. 


* Berlin Mem, 1746, Waller de Afcen, 
Vapo. in vacuo, 
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tube. But though heat may be one 


cauſe of the evaporation of water, 
the attraction between air and water, 


vpon whatever principle it depends, 
may be another. The fact moreover, 


upon which the objection is found- 


ed, is very queſtionable, and not ge- 
nerally to be admitted. A china 
ſaucer, which contained 3 ounces of 
water, loſt nothing of its weight un- 


der an exhauſted receiver in the 


{pace of 4 hours; whilſt a ſimilar 


ſaucer, containing an equal quantity 


of water, Joſt, in the ſame time, in 
the open air, one drachm and eight 
grains; the heat of the atmoſphere 
being between 48 and 50 degrees“. 

Many readers are gratified with 
ſeeing the general progreſs of any 
EC, philo- 


* Sce Dr. Dobſon's ingenious Obſerva- 


tions in Philoſ. Tran, 1777, P. 256. 


1 1 


philoſophical opinion, ſrom its being 


fit ſuggeſted, till its being general- 
ly admitted. The hiſtory, indeed, 
of philoſophy, is one of the moſt 
pleaſing purſuits which a ſpeculative 


mind can be engaged in, but it re- 


quires great leiſure and ability to 
cultivate it with ſucceſs. It is not 
every diſtant hint which he throws 


out, that can intitle a philoſopher to 
the credit of being the firſt framer 


of an hypotheſis; nor on the other 


hand are we haſtily to reject the 


maxim, that © all novelty is but ob- 


livion,“ inaſmuch as we frequently 


ſee old opinions putting on the ap- 


pearance of new diſcoveries, from 


their being 17 out in a new 
form. 


Natural philoſophy principally 
conſiſts in exploring, by experiment, 
9 N the 
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the phenomena reſulting from the 
mutual action of different bodies 
upon each other, Theſe phenomena 
are innumerable, no arithmetic can 


reckon up the various ways in which 
terreſtrial bodies may, by natural or 
artificial means, be brought to ope- 
rate on one another. To this cauſe 


may we attribute the immenſe num- 
ber of volumes on experimental phi- 


loſophy, which have been publiſhed 
in Europe ſince Bacon pointed out 
the proper method of ſtudying na- 
ture. This circumſtance, joined to 
the uniformity which muſt ever at- 


tend the operations of nature in 


ſimilar circumſtances, may juſtly in- 
title different men to the honour of 
having made the ſame diſcoveries, 
it being much eaſier to make an ex- 
periment, which may have been 


made 


(6113 
made before, than to read all that 
has been written in different ages 
and countries on natural appear- 
ances. 


Doctor Halley, in the year 1691, 


propoſed to the Royal Society, his 
opinion concerning the origin of 
ſprings : in this tract he expreſſes 
himſelf in the following manner: 


« The air of itſelf would imbibe a 
certain quantity of aqueous vapours, 


and retain them lixe ſalts diſſolved iu 
daler, the ſun warming the air, and 


raiſing a more plentiful vapour from 


the water in the day time, the air 
would ſuſtain a greater portion of 
vapour, as warm water would hold 
more diſſolved ſalts, which upon the 


abſence of the ſun, in the nights, 


would be all again diſcharged in 


V dews, 
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dews, analagous to the precipitation 


of ſalts on the cooling of liquors.““ 

M. Le Rey publiſhed an ingeni- 
cus diſſertation on the ſolubility of 
water in air, in the year 1751; among 
other experiments, by which he illuſ- 
trated his hypotheſis, he obſerves, 


that if a large, new, hollow, globular 


glaſs veſſel, with a narrow neck, be 
cloſely corked up in a clear hot day, 
the water contained, in the apparent- 


ly dry air, will be precipitated, and 


form a dew in the infide of the veſſel, 
whenever the veſlel is cooled, and 
that this dew will vaniſh, being re- 
diſſolved by the air included in the 


veſſel, as ſoon as the air regains its 


heat. - 
Doctor Franklin further illuſtrated 
this principle, of water being ſoluble 


* Philoſ. Tranſ. No. 192. ; 


m 
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in air, in a paper which was read be- 


fore the Royal Society in 1756, and 


afterwards printed in his works“. 

In the French Eucuclopedie, pub- 
liſned in 1755, we meet with the 
following paffage—on voit par Ia 
combien ſe trompent ceux qui 8 


imaginent que Fhumivite qu'on volt 


8 2 tache r autour d 'un verre plein 
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meme que celui de la formation des 


nuages de la pluie, et de tous les 


meteors aqueux, cit une vraie preci- 


pitation chimique, par un degre de 
froid qui rend } air incapable de 
tenir en diſſolution toute l' eau dont 


il s etoit charge par l' evaporation 


dans un tems plus chaud; et cette 
precipitation eſt preciſement du 


F7ö;—ꝛ³ -D 
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d'une 5 glacee eſt une vapeur 
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5 
meme genre que celle de la creme de 
tartre, lorſque I eau qui la tenoit en 
diſſolution s' eſt refroidie“. 
Muſchenbreek, amongſt other cauſes 
which he afhgns for the ſuſpenſion 


of vapour, evidently alludes to the 


ſolution of water in air, and com- 
pares it to the ſolution of ſalts in 
water. 


But though a great many philo— 


{ophers had ſpoken of the ſolubility 


of water in air, before Doctor Hamil- 


ion, yet in juſtice to him it muſt be 
owned, that no one has treated the 
ſubject more diſtinctly, or applied it 


more ſucceſsfully to the explanation 


of various phenomena than he has 
done, in an eſſay which was read to 
7 the 


Ene, Fran, T. VI. p. 283. Fol. Ed. 


+ Introd, ad Phil. Nat. Vol. II. p. 965, 
. „ 


7 
the Royal Society in 1765, and after- 
wards publiſhed with other eſſays, 


by the ſame author.“ The 3 


will be very well pleaſed with ſeeing 
thi principle illuſtrated in an ke 


_ 4.4 


by Mr. White, publiſhed in 1771, 
in the elegant collection of Georgi- 


cal Lil: ys by Doktor ago Fo 


* Philo. Eſſays by ! Hugh Hamilton, p. D. 


F. . 5 
+ Georo1cal Efays by Doctor Hunter, 
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OF COLD PRODUCED DURING THE. il 
EVAPORATION OF WATER, AND 1 
THE SOLUTION OF SALTS. 


\N the 27th of March 1779, when 
the weather had been tor fome 
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time very dry, I put a thermometer 
into a glaſs of water, which had 53 
been heated to 87 degrees, by ſtand- — fi 
ing expoſed to the direct rays of the 
jun, The thermometer was then 
taken ont, and its bulb was held op- 
polite to the fun, which ſhone very 
1 4 bright; 
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(e) 
bright; as the bulb grew dry by the to 


evaporation of the water, the mer- We 
cury in the thermometer ſunk very on 
faſt; it continued for a moment ſta- nc 
tionary at 76 degrees, and then it by 
roſe rapidly to go; fo that 11 de- W. 
grees of cold had been produced th 
5 during the evaporation of the water. ſu 
On another day in the fame month, ti 
when the heat in the ſhade was 68 m 
degrees, I put a thermometer into a w 
glaſs of water, it ſtood at 5o degrees; il 5 
upon taking it out, the mercury in- t. 
ſtead of hnking from the effect of e 

_ evaporation, began immediately to riſe h 
from the effect of the heat of the v 
atmoſphere upon it. I put the ther- t 


mometer into the ſame water, heat- 
ed to 55 degrees, and taking it out, 
the mercury continued ftaticnary for 
| ſome time, and afterwards it began 
| | 10 


1 
to riſe, It was - put into the ſame 
water heated to 58 degrees, and up- 
on being taken out, the mercury did 
not either riſe or continue ſtationary, 
but it ſunk one degree; when the 
water was heated to 60 degrees, the 
thermometer upon being taken out, 
ſunk 3 degrees before it began to 
riſe. Theſe experiments were all 
made in the ſhade, and it ſeems as if 
we might conclude from them, that 
57 was the degree of heat in the wa- 
ter, in which the cold produced by 
evaporation, was juſt equal to the f 
heat produced by the atmoſphere 1 
which then ſurrounded the ball . 9 
the thermometer. 1 9 
The degree of cold produced by 1 
evaporation, depends, probably, up- 9 
on the quickneſs with which that is 
accompliſhed : now the quicknels 
_ with 
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with which water, ef a definite tem- 
perature, is evaporated, is influenced, 
partlatby the degree of heat prevail- 
ing 48fthe atmoſphere; partly by 
the van blowing upon the thermo- 
mete partly by the dryneſs or 
moiſ tz of the air; and by other 

cauſaꝶ 1 
September goth of the ſame year, 


Abe heat in the ſhade was 64 


degrees and the heat of the water 
60, the thermometer upon being 
taken om, ſtood ſtationary for three 
minutes, and then it roſe; there was 
a gentle ſouth wind. On the next 


day there was a cold dry wind from 
the north, the water and air were 


both at 56 degrees, and the thermo- 
meter on being taken out ſunk to 52. 
Spirits of wine, ether, and many 


other fluids, produce cold by being 


WE 


( 123 ) 
evaporated, and they produce a much 
greater degree of cold than water, in 
conſequence, probably, of their be- 
ing more evaporable. Thus, vitrio- 
lic ether“, which is one of the moſt . 
volatile fluids in nature, has been 1 
obſerved to lower Reaumur's ther- 
mometer 40 degrees below the freez- 
ing point (which antwers to go de- 
grees of Fahrenheit's ſcale)... The b 
experiment is moſt commodiouſly = 
made, by applying a piece of fine MW 
linen wetted with ether upon the WM 
bulb of the thermometer, accelerat- 9 


* Ether is made by diſtilling a mixture of 
ſpirits of wine and oil of vitriol. Ether may 
be made alſo by diſtilling ſpirits of wine with 
the ſeveral acids of nitre, ſea falt, and vinegar, 


and it 18 then called the nitrous. marine, acetous 
ether. 
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de Cbymie, par. M. Baumé, p. 375. 
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( 124 ) 
ing the evaporation by blowing on 
the linen with a bellows, and moiſt. 
ening the linen as it becomes dry, 
or exchanging it for a freſh piece 
which is wetted with ether, Who- 


ever attempts to aſcertain the degrees 


of cold reſpectively produced by dit- 


ferent fluids, would do well to re- 


mark particularly the ftate of the 
_ atmoſphere with reſpect to other cir- 
cumſtances, as well as to its heat. 
Sailors have a cuſtom, in a calm, 
to hold a wet finger up into the air, 
and if one fide of it, in drying, be- 
comes colder than another, they ex- 
pect wind from that quarter. This 
cuſtom is not without its foundation; 
for an almoſt inſenſible motion of 
the air, will evaporate the water 


from one ſide of the finger ſooner 


than 


* 
* 


( 325. 3 
than from another, and thus proy 
duce a degree of cold. 

There is a ſimilar experiment, by 
which any one may convince himſelf 
that cold is produced by evapora- 
tion; let him wet a finger by putting 


it in his mouth, and then hold it up 
in the Ar, even in a warm room 
where there is no current of air, he 


will find that it grows cold as it be- 
comes dry by the evaporation of the 
humidity. 


« The method our r gentlemen make 
uſe of to cool their liquors, is to 


wrap a wet cloth round the bottle 


and ſet it in the land wind: and, 
what is very remarkable, it will cool 
much ſooner by being expoſed thus 


to this burning wind, than if you 
take the fame method, and ſet it in 


the 
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6 
the cold ſea- breeze.“ * — The cold 
is produced by the evaporation of 
the water from the wet cloth, and is 
the hot land-wind will evaporate the 
water ſooner than the cold ſea-breeze, 
it is not to be wondered at, that the 


liquor is ſooner cooled when placed 


in the former wind than in the latter. 

c Kempfer relates, that the winds 
are fo ſcorching on the borders of 
the Perfian gulph, that travellers arc 
{ſuddenly ſuffocated, unleſs they co- 
ver their heads with a wet cloth; 
but if this be too wet, they immedi- 


ately feel an intolerable cold, which 
would become fatal to them if the 


moiſture were not ſpeedily diſſipated 
by the heat.“ The cold, which is 


Pro- 


* lves 's Voy. p. 7 
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produced by the act of evaporation, 
ceaſes as ſoon as that 1s finiſhed, by 
the cloth becoming dry. 

The manner of making ice in the 
Eaſt Indies, has an evident depend— 
ence on the principle of producing 
cold by evaporation here mentioned. 
On large open plains the ice makers 
dig pits about zo feet ſquare and 2 


deep; they firew the bottoms of 
theſe pits, about eight inches or a. 
foot thick, with ſugar canes, or with 


the dried ſtems of Indian corn. 


Upon this bed they place a number 


of unglazed pans, which are made of 
ſo porous an earth, that the water 
penetrates through their whole ſub- 


ſtance, Theſe pans, which are 
about a quarter of an inch thick, 


and an inch and a quarter deep, are 
filled, towards the dutk of the even- 
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6.436: 3 
ing in the winter ſeaſon, with water 
which has been boiled, and then left 
in that ſituation till the morning, 
when more or leſs ice is found in 
them, according to the temperature 
of the weather; there being more 
formed in dry and warm weather, 
than in that which is cloudy, though 
it may Chance to be colder to the 
feel of the human body.“ Every 
thing in this proceſs is calculated 
to produce cold by evaporation ; the 
bed on which the pans are placed, 
ſuffers the air to have a free 
paſſage to their bottoms, and the 
pans, in conſtantly oozing out 
Vater to their external ſurface, will 
be cooled in conſequence of that 
water being evaporated by a gentle 
ſtream of warm diy air, the power of 

i oe „ 
* Philoſ, Tranſ. for 1775, p. 252. 
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the air to evaporate water depending 
much upon its warmth and dryneſs. 
They have a kind of earthen jar 
in ſome parts of Spain, called Buxa- 
ros, which are only half baked, and 
the earth of which is ſo porous, that 
the outſide is kept moiſt by the wa- 


ter filtering through ; though placed 


in the ſun, the water in the pots re- 
mains as cold as ice: and it probably 
is colder from the jar being placed 


in the fun, becauſe the evaporation 


is thereby increaſed. 


The Blacks at Senegambia have a 


ſimilar method of cooling water. 
„They fill tanned leather bags with 


it, and hang them up in the ſun; 


the water oozes more or leſs through 


the leather, ſo as to keep the out- 


ward ſurface of it wet, which, by i its 


* Swinburne's Trav. p. 305. 
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quick and continued evaporation, 


occaſions the water within the bag 
to grow conſiderably cool “.“ 

It is common enough for labour- 
ing people, in the height of ſummer, 
to drink ſeveral quarts of beer or 
other beverage in a day; this quan- 
tity 1s principally diſcharged from 
the body by perſpiration; and the 
cold which 1s generated during the 
evaporation of the ſweat, greatly 
contributes to keep the body cool. 
Thus has Providence contrived to 
render the heat of the torrid zone 
leſs inſupportable to the inhabitants; 
an intenſe heat bathes the body in 
ſweat, but the ſweat being evaporated 
by the ſame heat which occaſioned 
it, a degree of cold is generated on 


the 


* Philof, Tranſ. 1780, p. 486. 


EF 


the ſurface of the body, which would 


not otherwiſe have been produced, 
It ſeems reaſonable to attribute 


the cold, which is produced in theſe 


and other ſimilar circumſtances, to 
the evaporation of the water, rather 


than to any other cauſe ; becauſe 
when the bulb of a thermometer is 


wetted with different fluids, the cold 


produced has a manifeſt dependence 
on the evaporability of the fluid 


with which it is wetted. Thus, 
more cold is produced when the 


thermometer is wetted with ſpirits 


of wine, than when it is wetted with 
water, becauſe ſpirits of wine are 
more evaporable than water ; and 
more is produced when it is wetted 


with ether than with ſpirits of wine, 
becauſe ether is more evaporable 


than ſpirits of wine. No cold is pro- 
1 2 , quod 
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| duced when the thermometer is 
_ ſmeared with linſeed oil, or other 
dils of a ſimilar nature, becauſe theſe 
oils are not ſenſibly evaporable in 
the ordinary heat of the atmoſphere. 
Strong acid of vitriol, when expoſed 
to the air, inſtead of lofing any thing 
of its weight, acquires an increaſe, 
by attracting the humidity of the 
atmoſphere ; and as ſtrong acid of 
vitriol, when mixed with water, ge- 
nerates a degree of heat, ſo the bulb 
of the thermometer, when wetted 
with ſtrong acid of vitriol, inſtead 
of being cooled, is warmed, and the 
mercury aſcends, in conſequence of 
the heat produced from the union 
of the acid of yitriol with the water 
contained in the air. 
When water is reſolved into va- 
pour, by the violence of a fall from 
. a con- 


N 1 

à conſiderable height, the air will 
diſſolve it ſooner; and, in diſſolving 
it ſooner, it will, probably, produce 
more cold than it would have done, 
if the ſurface of the water had not 
been broken: hence natural and arti- 
ficial caſcades may, probably, be ſer- 
viceable in cooling the air ſurround- 
ing them. This obſervation is pur- 
poſely expreſſed in different terms, 
becauſe, having more than once ſprin- 
kled the floor and ſides of a room 
with water in the ſummer - time, 
when the heat of the air in the room 
and of the water was 68 degrees, I 
could not obſerve that a thermometer, 
nung in the middle of the room, 
changed its degree of heat whilſt 
the room grew dry. In very hot 
chmates the effect may, probably, be 
different; thus we are told, that in 
Pc 13 ths 


| ( 14 J 

the ifland of $7. Lewis, in the river 
Senegal, c water poured on the floor 
of a room for the purpoſe of cool- 
ing the air, is dried up in an inftant, 
and there is ſome effect on the thermo- 

meter placed in ſuch a room *.“ 
This phenomenon of producing 
cold by evaporation, had been men- 
tioned by M. Amontons in the year 
1699 +. It had been noticed alſo by 
M. Mairan in 1749 4, and by Mu. 
ehenbroek, in his Eſſai de Phyſique. 
Proſeſſor Richman, at Peterſburgh, 
gave an account of ſeveral experi- 
ments, which he had made on this 
ſubject in 1747 and 1748 ||, but he 
did 


* Thiloſ. rant 1705 p. 485. 
J Mem. de l' Acad. des Scien. à Paris, 


2609. 

3 Diſſertation ſur la Glace. 

0 Novi Comment. Petrep. Tom. I, for 
1747 and 1748. 


a; 

did not explain the ſinking of the 
mercury in the thermometer, Whilſt 
its bulk grew dry, on the principle 

of evaporation. Dr. Cullen has very 
particularly illuſtrated this principle, 

in a paper publiſned in 1756; and 

he has there ſhewn, that the cold 
produced was greater, when the 
evaporation was made in vacuo, 

than in the open air *. Laſtly, Pro- 
feſſor Braun, to whom the world is 
indebted for the diſcovery. of freezing 
quickſilver, has made a further in- 
veſtigation of this matter, by pub- 
liſhing a table of the degrees of cold 9 
produced during the evaporation of = 
different fluids +. co 2 
During the ſolution: of, Gals; in A * 
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ter, either cold or heat, is generally, 
produced, but more commonly cold.. 
Fixed alkaline ſalts, Glauber's alt, 
and white vitriol, produce ſmall de- 
grees of heat during their ſolution. 
Sal ammoniac produces the greateſt 
degree of cold, of any ſalt hitherto 
known. 
When Fahrenheit's thermometer 
ſtood at 68 degrees, both in the 
open air, and in the water which was 
_ _ uſed for the experiments, I ſaturat- 
ed equal portions of water with ſal 
ammoniac, with ſaltpetre, and with 
| fea ſalt. The ſal ammoniac made 
the mercury ſink from 68 to 42 de- 
grees, hence 26 degrees. of cold 
were produced ; the nitre produced 
17 degrees, and the ſea ſalt produced 
only 2 degrees of cold. I repeated 
the experiment with the ſea ſalt ſeve- 
5 rat. 


„ 
ral times, and with different ſorts of 
it, but I could never obſerve that it 
produced above 2 or at moſt 24 de- 
grees of cold. The experiments 
with ſal ammoniac and ſaltpetre 
agree very well with thoſe made by 
M. Eller, and mentioned in the Ber- 
lin Memoires for 17 50; ſince he pro- 
duced almoſt 27 degrees with ſal 
ammoniac, and 18 with ſaltpetre. 


Boerbaave, indeed, made the ther- 
mometer deſcend through 28 de- 


grees, by diflolving ſal ammoniac in 

water; but he had reduced his ſalt 
to a very fine powder, and dried it 
well before he uſed it; and a differ- 


ence in the fineneſs of the powder to 


which the ſalts are reduced before 
they are diſſolved, may make a dif- 
ference of a degree or two in the 


cold PT oduced for the finer the ſalt, 
| 5 : * 
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the more ſurface has the water to at 
upon, and the quicker will the ſolu- E 
tion be performed; and as the cold . 
is produced only by the act of ſolu- 
tion, the ſooner that is accompliſh- g 
ed, the leſs effect will the heat of the 1 
atmoſphere have, in reſtoring to the b 
water, during the time of the ſolu- 
tion, any part of the heat it may 77 
have been deprived of, during the | 
immediate action of the water upon 
the falt. 


Does any given kind of ſalt, dur- 
ing its ſolution in water, produce the n 
fame number of degrees of cold, 
whatever be the temperature of the 

water before folution ? 1 have only 
_ endeavoured to reſolve: this queſtion 
with reſpect to ſal ammoniac, and it 
ſeems to me that the quantity of cold 
produced, is not influenced by the 
rempe- 


temperature of the water. In the 
ſummer ſeaſon, when the temperature 
of the air, water, and ſal ammoniac 
were each of them 70 degrees, the 
water ſank during the ſolution of as 
much ſal ammoniac as would ſatu- 
rate it, to 44 degrees, or through 26 
degrees. I thawed ſome ſnow in 
winter, the thermometer ſtood in the 
ſnow water at the freezing point, or 
at 32 degrees; by putting ſal ammo- 
niac, which was equally cold, into 
the water, the thermometer deſcend- 
ed during ſolution to ſix 3 or 
through 26 degrees. 

The poſſibility of freezing water 
in the middle of ſummer, is rightly 
enough inferred from this experi- 
ment. In a tub, ſuppoſe of 3 feet in 
diameter, place a bucket, a little 
taller than the tub, of 1 foot in dia- 
meter; 


. 

meter; in the bucket hang a Florenee 
flaſk, or a flat lavender water bottle, 
ſo that the mouth of the bottle may 
be above the rim of the bucket: fill 
theſe veſſels with water heated, ſup- 
poſe, to 70 degrees. Saturate the 
water in the tub with ſal ammoniac, 
then will the 70 degrees of heat be 
reduced to 44, the water loſing, dur- 


ing the ſolution of the ſalt, 26 de- 


grees. The water in the bucket 
being ſurrounded with this cold fluid, 
will itſelf be cooled; ſuppoſe it to 


be cooled only to 50 degrees, then 


by ſaturating it with ſal ammoniac, 
it will loſe 26 degrees more of its 
heat, and be cooled to 24 degrees. 
The water in the bottle being im- 


merſed in a fluid, heated only to 24 
degrees, will ſoon be cooled below 
th 
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the freezing point or 32 degrees, and 
conſequently will concrete into ice. 


The cold, in all theſe caſes, is ge. 
nerated only during the time of the 
ſolution. The water recovers the 
temperature of the atmoſphere ſooner 
or later, according as its quantity is 


leſs or greater, and as the ſurface ex- 
poſed to the air is greater or leſs; it 


is here ſuppoſed, that the heat of the 
atmoſphere remains the ſame. The 
different degrees of cold produced 


by different ſalts, do not depend up- 
on any general cauſe which has yet 


been diſcovered, nor is there any 


very ſatisfactory reaſon given for 
theſe, and other ſimilar productions 


of cold or heat. The time may come 


when we ſhall be able to cowpre- 
hend the reaſon why the acid of ni- 


tre has ſuch different effects when 
„„ mixed 


14 3 
mixed with ſnow from what it has 
when mixed with ſnow water; when 
mixed with ſnow water, it excites a 
very great degree of heat; and when 
mixed with ſnow, it produces the 
greateſt degree of cold that has ever 
yet been obſerved . Rerum natura 
facra ſua non ſimul tradit. Initiatos nos 
credimus, in veſtibulo ejus hæremus. 
Ila Arcana non promiſcuꝰ nec omnibus 
patent; redufta et in inferiore ſacra- 
rio clauſa ſunt. Ex quibus aliud hec 
tas, aliud que poſt nos ſubibit, adſpi- 
ciel. 

* Vol. I. p. 267. 


ESSAY 


OF THE DEGREES OF HEAT IN WHTCH 
WATER BEGINS TO PART WITHITS 


AIR, AND IN WHICH IT BOILS» 


TEE air bubbles, which in ſum- 
mer time adhere to the inſides 

of decanters, water glaſſes, and other 
veſſels filled with water, cannot have 
eſcaped the obſervation of any one; 
J have endeavoured to aſcertain the 
degree of heat in whieh theſe bub- 

8 bles begin to be formed. 

3 „„ 


14 
Into a water glaſs filled with wa- 
ter I immerſed a thermometer; the 
heat of the water was 64 degrees; 
the water was ſet in a cloſet, where 
the ſun never ſhone, for two days; 
the heat remained rauch the ſame 


during that period, and there was no 


appearance of bubbles. The glaſs, 
with the immerſed thermometer, 
was then ſet in the ſun, and when 
the heat amounted to about 90 de- 
grees, ſeveral air bubbles were found 
adhering to the graduated ſide of the 
thermometer, and ſome were begin- 


ning to be formed on the bottom 


and ſides of the glaſs. 

Having frequently ſeen the in- 
ſides of veſſels containing water, 
ſtudded with bubbles, when the heat, 
it was apprehended, was much lels 
chan go degrees; I put a thermome— 

ter 


(61450 
ver into a water-glaſs at a time when 
it abounded with bubbles, and found 
that the heat of the water was not 
tbove 64 degrees. 

The reſult of this experiment be- 
ing very different from that of the 
preceding, in which the air did not 
begin to ſeparate itſelf from the wa- 
ter till the heat was about go de- 
grees, J was for ſome time at a loſs 
how to account for the difference; 
recollecting, however, that the water, 
which required 90 degrees of heat 
before it parted with its air, was 
pumped from a well fed by a ſtream, _ 
which had run four miles in the 
open air; and that the other water, 
which let go its air at 64 degrees, 
was pumped from a well fed by 
lubterrancous ſprings, I attributed 


the difference in the degree of heat 


VOL. III. * requi- 


T5 - 
requiſite. to make theſe waters part 
with their air, to the Gilterent quali- 
ries of the warers. 

In order to try theſe waters under 
ſimilar circumſtances, two water- 
glaſſes were filled, one with common 
well-water, another. with that which 
had been ſupplied by the ſtream; 
on being expoſed to the air, bubbles 
began to be formed in the well wa- 

ter when the heat amounted to 60 

degrees, the other did not part with 
any of its air in the —.— degree of 
heat. 

1 was at firſt diſpoſed to think, 
| that theſe experiments pointed out a 
general difference between river wa- 
ter and well water, with reſpect to 
their diſpoſition for retaining or part- 
ing with their air; but the following 
Experiment, made 7 at a different ſea- 
3 | ; fon 
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ſon of the year, convinced me that 
the conjecture was not well founded. 


In November, when the heat of 
the air had been for ſome time about 
zo degrees, I took three water- glaſſes, 
one was filled with rain water imme- 


diately after it had fallen, another 


with the common well water, the 
third with the water which came 
{rom the ſtream: the heat of theſe 


feveral waters was the ſame, namely 
43 degrees: they were all gradually 


warmed, by ſetting the water-glaſſes 
in hot water, and they all began to 


exhibit bubbles when the heat was 
about 60 degrees; I thought the rain 
waters ſhewed the moſt bubbles. 


Hence it is plain, that the ſtream 


water does not differ from rain or 

well water, except accidentally, as to 

the degree of heat in which 1 it parts 
VVV 
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n 
with its air. The firſt experiment, 


in which the bubbles were not form- 


ed till the heat was go degrees, was 
made after there had been ſever] 


days of very hot weather, and the 


water in being expoſed, during its 
courſe, to the action of the ſun, had 
probably loſt a conſiderable portion 
of its air before it arrived at the 
well. All river water has a vapid 
taſte in ſummer time, which is in 


part, probably, occaſioned by having 


joſt ſome of its air, in conſequence 
of its being expoſed to the rays of 
the fun. Water-drinkers are deſirous 


of having water freſh from the well, 


eſpecially in ſummer time; and not 


without reaſon, for the heat in that 

ſeaſon being generally above 60 de- 
8 * | 

grees at our principal meal time, 


the water, if it has been long expoſed 
. = _—_ 


( 149 ) 
to the air, muſt have ſuffered a 
change of quality, not only from its 
increaſe of heat, but from a conſe- 
quent loſs of a portion of its air, 
The water which ſupplies the warm 
bath at Mal lock, and which is drunk 


by invalids, is 68 degrees warm; 
hence it has loſt a part of the air 


which it would naturally contain, 


and, except in very hot weather, it 
does not exhibit any air- bubbles in 


the decanters. 

The air begins to be vi/ibly 1 
rated when the heat is about 60 de- 
grees; but it begins, probably, to 


be ivi/ibly ſeparated when the hear. 


is much leſs : and the lealt. heat will 


he requiſite to ſeparate it, when the 


weight of the atmoſphere is che leaſt, 


Philoſophers have invented vari- 
OUS methods, equal! y concluſive, of - 
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ſhewing, that water, in its ordinary 
ſtate, contains diſſolved in it a por- 
tion of air. And they have ſhewn, 
that water which has loſt a portion 


of this air, either by being frozen, or 


Beated, or by long continued agitation, 


or by other means, has the property 


of re-abſorbing as much air from the 
atmoſphere as it had loſt; and they 
have ſhewn, that this abſorption is 
the ſtrongeſt at firſt,. and becomes 


leſs and leſs powerful, as the water 


becomes more and more impregnated. 
with air. Theſe and fimilar obſerva- 
tions render it probable, that water 


is as capable of diſſolving a certain 


1 portion of air, as it is of diſſolving a 


certain portion of any particular kind 
of ſalt. The quantity of air, which 
water is capable of diſſolving and 


retaining in ſolution, depends partly 
upon. 


„ en TIAL = + 


e 
upon the temperature of the water, 
partly upon. the weight of the at- 
moſphere, and partly, I conceive, 
upon the water's purity. From theſe 
circumſtances, as well as from ſome 
others which might be attended to 
in making the experiment, it has 
happened, that authors have given 
very different accounts of the quan- 
tity of - air contained in water. 
Boerhaave has an experiment *, from 
which he infers, that there may be 
| ſeparated from water a quantity of 
air equal 1n bulk to the water; the 
experiment is ingeniouſly contrived, . 
but the conclufion, I think, is liable 
to ſome objections. The 4bbe Mollet 
ſays, that water which has been pre- 
viouſly purged of air, abſorbs, in ſix 
days, one thirtieth of its bulk +: 
Do#er 


* Boer. Chem. Vol. I. p. 521. 
_ + Hill, de l' Acad. 1743. 
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Dyckor Hales obtained by diſtillation 
one cubic inch of air from fifty-four 
cubic inches of water . Mr. Eller 
is of opinion that the portion of air 
contained in water does not exceed 
the 1oth part of its bulk f. Dr. 
Prieſtley found that a pint of his 
pump water contained about one 
fourth of an ounce meaſure of air, 
that is, the bulk of the water was to 
that of the air it contained, as 64 to 
£4. M. Fontana fays, that the wa- 
ter of the Seine at Paris, after being 
long boiled, abſorbs in forty days 
one twenty - eighth of its bulk of 
common air . Laſtly, M. Cavallo 
obſerves, that in a temperate degree 
of heat, and when the barometer is 


--about.© 


Veg. Stat. c. 6. F Berl. Mem, 1750. 
$ Philo, Tranſ. 1772, p. 248. 
+ Philoſ.. Franſ. 1779, p. 439. 
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common air * 


It has been remarked in another 


place ꝶ, that the a!moſpherical air con- 
ſiſts, in part, of fixed air; and ſome 
ol the moſt ſtriking differences be- 


tween fixed and atmoſpherical air 


were there mentioned. If a bubble 


of atmoſpherical air of a definite 


bulk, ſuppoſe it equal to eleven pints, 
be expoſed to the action of a ſuffi- 


cient quantity of water, which has 


been purged of its air by boiling, 
the whole of the bubble will, in a 
proper length of time, be abſorbed 
by the water; but when about ſeven 
pints, or even a leſs portion, have 
been abſorbed, the remaining part 
will 


* Cavallo on Air, p. 213. 


+ Val. II. p. 247. 


about 29 1 inches, water abſorbs 
about one fortieth of its bulk of 


| 


(n 


will reſemble fixed air in this that 
a candle will not burn in it“. It is 


very probable that water which has 
not been boiled may have a ſimilar 
effect under certain circumſtances. 


— The wells at Utrecht are from 8 


to 20 feet in depth; it has been the 


cuſtom to make uſe of pumps to 


raiſe the water, and they are then 
covered over with a kind of arch, 


When, after a certain period of time, 


the wells are opened, on any account, 


it is neceſſary to leave them un- 
covered for 12 hours, before any 
perſon deſcends into them; whoever 
mould venture to go down into 
them ſooner, would expoſe himſelf. 


to immediate death. The air of 
theſe wells extinguiſhes candles hke 


that acquired from fermentation or 
effer⸗ 


* Philoſ. Tranf, 275 p. 247e | 
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| | (185. ) | 
efferveſcence *.” — Stagnating air, 
which has brooded, though but for 
a ſhort time, even over running wa- 
ter, is found.to be ſo greatly altered 
in its quality, that it will extinguiſh 
flame, though it be ſufficiently pure 
to ſupport animal life. I was in- 
formed of this fact by a miner in 
Derbyſhire, who had frequently ve- 
rified it by his own experience. In 
order to free a mining diſtrict from 
water, they frequently dig for miles 
together ſubterraneous aqueducts; 
ſupporting the ſides and roof with 
timber or ſtone. The mouths or 
outlets of theſe aqueducts or /oughs, 
being below the level of the diſtrict 
to be drained, there is a conſtant 
ſtream of water flowing through 
them. Theſe ſougis are many of 
„ them 
* Lavoiſier's Eſſays, p. 118. 


(066-3 


them high enough for a man to 


walk upright in them, the water 
reaching to his middle or higher; 
and men with lighted candles fre- 
quently walk through them from one 
end to the other, in order to prevent 
obſtructions; it ſometimes however 


happens, that by the falling in of the 


roof, or other accidents, the ſough is 


in part dammed up: when this is 


the caſe, the water beyond the place 
where the obſtruction is, riſes to the 


roof of the ſough, and thus prevents 


a circulation of air, though there is 
ſtill a diſcharge of water through 
the mouth of the ſough. When an 
accident of this kind happens, men 
are ſent with candles in their hands 


to find out and remove the ob- 


ſtruction, but before they have walk- 


ed fifty yards from the mouth of the 
| 5 | E ſougi,. 
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ſougb, the candles go out, though 
they perceive no difficulty in breath- 
ing, and this extinction of the can- 
dles will take place in 24 hours af- 
ter the ſtoppage of the water has 
commenced. 

Fabrenbeit, Boerhaave, and other 
philoſophers, had obſerved, that the 
degree of heat, requiſite. to make 
water bot], was variable according to 
the purity of the water, and the 
weight of the atmoſphere. Within 
the uſual limits of 28 and 31 inches 
in the barometer, Boerbaave-was of 
opinion *, that there would be a va- 
rlation in the heat of boiling water, 
amounting to 8 or 9 degrees. This 
ſubject has of late been examined 
with great accuracy by Mr. de Luc, 
Me 1 Ceorge SPUCKDUTS 3 and Mr. 
7 Cavallo 


⸗Chem. Vol. I. p. 1; 


e C. 
Cavallo has given us the reſult of 
their experiments in the annexed 
table, which is formed according to 
the ſcale of Fabrenbeit's thermome- 


158) 


ter“. 
3 a 8 LK 
I: --- | © -Sheat of boiling water- -- 
{Height of th according to 
Barometer. Mr. de Luqs r G. Shuckburg 
| Parts of Parts of a 
1 ja Deg. deg.] Deg. deg. 
| 26 205,17 | 204, 91 
26  ] 20G07 205,82 
HS + 206,96 206, 73 
| * 20/7, 84 207,03 
28 1 208,09 - 208,25 
28 209,955 | 209,41 
29 4210,38 210,28 
29x 1210%½ 211515 
30 1 13 -- 
204 , 4&g- 
32 216,67 L21309. : 


Cavallo on Air, p. 215. 
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The following experiment is curi- 
ous in itſelf, and it illuſtrates both 
the nature of boiling in general, and 
what is here advanced relative to 
the heat of boiling water under dif- 
ferent preſſures of the atmoſphere. 
I hit upon it many years ago, when 


I had another object in view. My 


deſign was, to exhibit a ſtriking in- 
- ſtance of the increaſe of dimenſions 


produced in fluids by various de- 
. grees of heat: in order to this, I took 


a large glaſs veſſe], reſembling in 
. ſhape ſuch mercurial .thermometers 


as have a bulb at the bottom“; the 


bulb of this veſſel held above a 
. gallon, and the ſtem had a ſmall dia- 
meter, and was above. two feet in 
length. Into this veſſel 1 poured 
boiling 


A veſſel of this dare is uiual called, a 
Mardi. 
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boiling water, and having filled it 
up to the very top of the ſtem, 1 
corked it with a common cork as 
cloſe as I could. The water and 
the cork were at firſt contiguous to 
each other; but in a very little time 
the water began to grow cold, and as 
it grew cold, it contracted itſelf and 
ſunk very viſibly in the ſtem; and 
thus the firſt intention of the experi- 
ment was fully anſwered. But an 
unexpected phenomenon preſented 
itſelf, —the water, though it was re- 
moved from the fire, —was growing 
cold, —and had for ſome time in- 
tirely ceaſed from boiling, began 
to boil afreſh very violently, the 
bubbles were large and numerous, 
and continucd to aſcend into the 
| Tpace between the ſurface of the wa- 
ter in the ſtem, and the cork, where 
= V e 


1619 
they burſt, for above two hours. 
When a hot iron was applied to that 
part of the ſtem, through which the 
water, in contracting itſelf, had de- 
ſcended, the ebullition preſently 
ceaſed ; it was renewed when the iron 
was removed; and it became more 
than ordinarily violent, when, by the 


application of a cloth dipped in cold 


water, that part was cooled, There 
is no great difficulty in accounting 
for theſe ſeveral appearances: by 
the ſinking of the water in the ſtem 


a kind of vacuum is left between its 


ſurface and the cork; water and other 
fluids boil with leſs degree of hear, 
when the preſſure on their ſurface is 
_ diminiſhed; here the preſſure of the 


atmoſphere is wholly removed by 
means of the cork, and the water 
continues to boil, though its heat be 


Vol, 111. 1 © 
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1 
conſtantly decreaſing. The interval 
between the water and the cork is 
not, as will be ſhewn preſently, a 
perfect vacuum; it is occupied either 
by the vapour of the water, or by a 
ſmall portion of air, or by both; 


heat increaſes the elaſticity of both 
air and vapour, and thus augments 


the preſſure upon the ſurface of the 
water, hence, the ceafing of the 
ebullition on the application of the 

hot iron; cold diminiſhes the elaſti- 


city of air, and condenſes vapour, 


and thus, the preſſure upon the ſur- 
face being leſſened by the applica- 
tion of the cold cloth, the ebullition 
of the water became more violent. 
When the water ceaſed boiling I 


poured it on the bulb of a thermo- 


meter, and found that its heat was 
only 130 degrees. „ 
Another 


E 
Another cireumſtance deſerving 
of notice remains to be mentioned. 
When the water was become cold, 
it had ſunk through the whole ſtem, 
and through part of the bulb; I then 
inverted the veſſel which contained 


it, into a tub of water, and obſerved 


vpon the bottom of the bulb a large 
circular ſpot void of water, I con- 
fidered this ſpot as a perfect vacu- 
um, for it anſwered to the ſpace 
which the water, in contracting it- 
ſelf, had deſerted; and the vapour 


which, whilſt the water was warm, 
might have been ſuppoſed to occupy 


that ſpace, I was periuaded, was 
condenſed by the cold: in order to 


ſee whether it was a vacuum or not, 


I pulled out the cork, whilſt it was 
under the ſurface of the water into 


which the veſſel was inverted, being 
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certain that if it was a vacuum, it 
would be inſtantly filled with water, 
which the preſſure of the atmo- 
ſphere would make to aſcend through 
the ſtem. In fact, the circular ſpot 
was greatly diminiſhed by the aſcent 
of the water, but never (for the ex- 
periment was often repeated) taken 


wholly away. What remained muſt 


have contained either air, or ſome 
other fluid, whoſe elaſticity was a 
counterpoize to the preſſure of the 
atmoſphere, on the ſurface of the 
water in the tub. It would be too 
haſty a concluſion, from this circum- 
ſtance, to attribute the formation of 
the bubbles to the particles of air, 
from which water cannot be fepa- 
Tated by long ! for it may 
e woe - be, 


. Licet diu ebullierit aqua non erit aeris 
expers. e. de Aqua. 


E 
t be, that this ſmall portion of air 
aroſe from the ſubſtance of the cork, 
or from the air in the water of the 
nl tub, that water having not been 
t boiled; or it may have been intan— 
t gled in the parts of the boiling water, 
. as it was poured into the veſſel, and 
1 not have had time to eſcape before 
t the cork was inſerted ; or, laſtly, 
e which is the leaſt probable ſuppoſi- 
a tion, the vapour ariſing from the 
: 
p 
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water may not be capable of being 
totally condenſed, —- 
The phenomenon of the boiling 
. olf fluids is not very ſatisfactorily ex- 
{ plained, It is clear, I think, from 
the experiment of which I have given 
5 an account, that it cannot be attri- 
7 buted, in all caſes, either to the 
eſcape of air from the interſtices of 
water, or to the matter of fire, as it 4 
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is called, pervading the water; for 
the water continued boiling for two 
hours after it was removed far from 
the fire; and the air, if it contained 
any, was utterly inadequate to the 
formation of the numerous bubbles. 
Boerbaave has remarked, that bubbles 
of the kind here ſpoken of contain 
no air, but he has not aſſigned the 


cauſe of their origin: Dr. Hooke af- 
cribes them to the ſubtle parts of 


the water, which, when the preſſure 


of the air is removed (probably by 
means of an air pump), are able to 


acquire the form of vapours, by that 
ſmall degree of heat which is left in 
the ambient air“: and other philo- 


ſophers + have adopted this idea, 
without hinting at, what Hooke ſup- 


poſed, 


See Birch's Hiſt. of the Royal Society, 
| + The Abbe Nollet and Dr. Hamilton. 
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ole, a different degree of volatility 


in the parts of the water. 

From what has been advanced we 
may conclude, that the Almighty, 
when he ſeparated the chaotic maſs 
into air and water, did not render 
theſe two occans of matter ſo wholly 
heterogeneous from each other, as 
that they ſhould be incapable of con- 


tracting any union together; they 
have, on the contrary, ſuch a diſpo- 
ſition to unite, as ſeems to indicate 


their having had a common origin; 
and were it not for the intervention 
of heat, they would, probably, unite, 
and again compoſe a common maſs. 


The water on the ſurface of the earth 


is conſtantly replete with air, and the 
atmoſphere is replete with water. 


The numerous tribe of aquatic ani- 


bs mals, 
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6s 
mals, which inhabit the ocean of 
water, would periſh, if it contained 
no air; and it is not an improbable 
conjecture, that the animals which 
exiſt in this ocean of air, would pe- 
Tiſh if it contained no water. The 
air, moreover, by being abſorbed 
into the water, and afterwards ſepa- 
rated from it by the action of the ſun, 


to which it is daily expoſed, is ren- 


dered abundantly more fit for animal 
reſpiration than common air; and 
this purified air (the quantity of 


which, confidering the great extent 
of the ſurface of the earth which 
is covered with water, muſt be very 
confiderable) cannot but be one great 


means of reſtoring to the whole maſs 
of air, thoſe ſalubrious qualities of 
which it is daily deprived, by the 


Ny 


30 7 
reſpiration of animals, the putrefac- 
tion of bodies, the combuſtion of fuel, 
and other cauſes,* 


* Dr, Prieſtley has obſerved, - © that the 
fame water, which, if examined immediately, 
gives only a ſmall quantity of bad air, yields 

ſpontaneouſiy about ten times the quantity of 


pure dephlogiſticated air, after ſtanding ſome 


time expoſed to the un. Phil. Tranſ. 1779, 
p. 377. An animal will hve five times as long 
in what is called here dephlogiſticated air, as 
it will in common air of the beſt quality, 


ESSAY 


1 — 2 2 * e 
4 1 „ E e ee e e 
dnt ir tent; — 34 24 = I = 19 n 
—— 7 — . IE 
3 a 2 . 


r * 
1-4 as 0 4 
2 


— 


CCC 


or WATER IN A SOLID STATE 3 OF © 


THE HEAT OF SPRING WATER; 3 
AND OF A PROBABLE CAUSE OF = 
THE IMPREGNATION OF SULPHU= Z 
REOUS WATERS, 


T HE mind of man admits with 
great reluctance, the truth of 
every teſtimony concerning matters 
of fact, which happen to be repug- 
nant to the uniform experience of 
his ſenſes; hence the general back- 9 
3 : wardneſs f 


( 172 ) 
wardneſs to believe the miracles re- 
corded in the bible; and hence the 
Dutchman who informed the king of 
Siam, that water in his country 
would ſometimes, in cold weather, 
be ſo hard that men walked upon it, 


and that it would bear an elephant, 


if he were there, was eſteemed a per- 
ſon unworthy of credit, the king, as 
Mr. Locke relates the ſtory, ſay ing to 
him, © Hitherto I have believed the 
ſtrange things you have told me, 
becauſe I look upon you as a ſober 
man, but now I am ſure you lie.”* 
Mabine, the native of Borabora, 
could ſcarcely be perſuaded, even by 
the information of his ſenſes, of the 
reality of the ſame effect. The ap- 
pearance of White ſtones,” as he 
„„ eile 


* Locke's Eſſay on the Hum. Und. B. IV. 


C. XV. 


. . rr 


<= 


1. 0 I 
called hail, which melted in his 
hand was altogether miraculous to 
him; and when he had been with 
d ficulty convinced that an exten- 
five field of ice was not common 


land, he was determined at all events 
to call it “ white land,” by wry of 
diſtinguiſhing it from all the reſt®, 


This determination of the ſavage 


was made in the true ſpirit of philo- 


ſophy, for ice in ſmall particles is 
a ſpecies of earth, and in ſolid maſſes 


it may be confidered as a kind of 


tranſparent ſtone. The waters, ſays 


Job, + ſpeaking of the effect of froſt, 


are bid as with aftone; that is, water 
conceals its nature, by aſſuming a 
ſtone-like hardneſs and conſiſtence 
when it becomes ice. The Ruſſians 

N applied 


* Forſter's Voy. Vol. I. p. 530. 
+ Chap. xxxvili. 30. | 


( 174 ) 
applied ice to the ſame purpoſes 


with ſtone, at the whimſical mar- 


riage of Prince Gallitzen, in 1739; 
an houſe, conſiſting of two apart- 
ments, was built with large blocks 
of ice, the furniture of the apart- 
ments, even to the nuptial bed, was 
made of ice; and the icy cannon and 


mortars, which were fired in honour 


of the day, performed their office 
more than once without burſting, * 

Tee, however, differs from all other 
earths and ftones, not only in its 


melting in a much lefs degree of 


heat than any of them, but in its 


being ſubject to a conſtant diminu- 


tion of its weight when expoſed to 
the open air, in the greateſt degree 
of cold. It generally becomes fluid 


in 30 33d degree | of "__ as indi- 


cated 
* Manſtcin's Mica: af Ruſlia, | 


675) 
cated by Fahrenheit's thermometer; 
and Mr. Boyle, by expoſing in a 
good balance ſome what leſs than two 
ounces of ice to a ſharply freezing 
air, a little before midnight, found 
it in the morning diminiſhed in 
weight ten grains. * It 1s probable, 


that this diminution of the weight of 


ice, is owing to the abraſion of its 
parts by the action of the air. The 


particles of air are thought to be 


larger than the particles of water, 
and may by their motion acquire 
force enough to ſeparate the particles 


of ice; or if this ſhould not be ad- 
mitted, it muſt be remembered, that 


the air always contains a great quan- 
tity of water, the particles of which, 


when converted into particles of ice, 


though in this country they are ſel- 
FFF dom 
* Boyle's Works, Fol. Vol. III. p. 66. 
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dom large enough to be ſeen, always 
make themſelves felt by impinging 
upon our ſkin: theſe icy particles 
when put in motion may abrade the 
ſurface of a maſs of ice, and cauſe 
thereby a conſtant diminution of its 
weight. In confirmation of this ex· 
Planation it may be obſerved, that 
ice ſuffers no loſs of its weight in a 
| veſſel devoid of air, nor in a cloſe 
veſſel full of air. * That the icy 
particles, contained in a freezing at- 
moſphere, ſhould be able to act upon 
ice, cannot be a matter of difficult 
conception to thoſe who recollect, 
that the hardeſt bodies in nature 
ſuffer a diminution of their weight, 
by the friction of the minute parts 
of the ſame kind of bodies ; dia- 
F mond 
* Hamilton on the Aſcent of Vapouts 
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mond duſt being eſſentially neceſ- 
ſary for the cutting or poliſhing of 
diamonds. 


That water was diminiſhed in 
quantity by being frozen, was known 
to Hippocrates ; for he exprelsly ſays, 


that if a given quantity of water be 
frozen, and - afterwards thawed, it 


will not fill the ſame veſſel it would 


have done before it was fiozen *. 


Pliny was of the ſame opinion with 


Hippocrates, and they both of them 


attribute this diminution of weight to 
the ſeparation of the more ſubtile 


parts of the water during congela- 


tion f. Tre principal cauſe of the loſs 


of weight, ſuſtained by water when 


changed into ice, ſeems to be the 


5 inceſſant 
* Hippoc. de Aqua. 


+ Plin. Hiſt, Nat. Lib. II. S. 61. & Lib. 
XXI. S. 3. | „ | 


err ee 


? 
} 4 
E? 
* * 
4 
. 
di. 
» 
1 
1 * 
Lk 
5 A 
” 
"1 


405 
inceſſant action of air upon its ſur. 
face ; it is true, however, that water 
is, by freezing, deprived of the great- 
eſt part of the air with which, in its 
fluid ſtate, it is ordinarily ſaturated; 
and this ſeparation of its air may 
contribute ſomething towards the 
ſince 


2 


diminution of the watcr's bulk 
Water, when ſaturated with air, is 
ſomewhat greater in bulk than when 


deprived of it. 


It is eaſy to epprehend, that the 
loſs of weight which any given quan- | 


tity, ſuppoſe a cubic foot, of ice will 
Tuffer by expoſure to the air in a 
given time, will depend, partly upon 
the hardneſs or ſoftneſs of the ice, 
partly upon the temperature of the 
atmoſphere, with reſpect to the de- 
grees of cold and humidity, partly 


upon the velocity of the wind which 


3 bruſhes 


( 179 3 
bruſhes its ſurface, and probably 
enough upon the agency of other 
cauſes with which we are leſs ac- 
quainted. Some philoſophers have 
eſtimated, in 'general terms, the loſs 
of weight ſuſtained by a certain 
weight of ice, without ſpecifying the 
magnitude of the ice's ſurface; others, 
with more accuracy, have mentioned 
both the weight and furface of the 
ice expoſed to the air, but then they 
have either omitted to ſpeak of the 
ice's conſiſtency, the temperature of 
the atmoſphere, the force and direction 


of the wind, or they have exprefſed 


themſelves in very indefinice terms 
concerning theſe. points, fo that we 
cannot be fſaid to have hitherto 
ained, from their experiments, any 
reciſe information upon the ſubject, 
As to the fact itſelf, the moſt com- 
- * 2 mon 


of 
8 
2 
= 


6 
mon obſervation is ſufficient to - al. 


certain us of its truth. In long con- 
tinued froſts, the ice formed in ponds, 


and other ſmall collections of water, 


is ſenſibly diminiſhed every dap, 
and often wholly evaporated ; and a 


fall of ſnow may be ſeen confider- 


ably waſted in a few days, in the 
ſevereſt ſeaſon. 
Notwithſtanding this diminution 
. of weight, to which both ice and ſnow 
are ſubject in the coldeſt weather, and 
the thaw which they experience in 
the hotteſt, yet ſome have doubted 
whether the quantity of congealed 
water be not an increaſing quantity 
upon the ſurface of the earth; and 
have even thought, that the globe 
of the earth muſt in proceſs of time 
reſemble an egg, having its diameter 
from 8 to pole, longer than the 
cqua- 


t 
N 


„„ 


the conſtant accumulation of frozen 
water at the two poles.— After ſo 
N any years lapſe, it cannot be, I 
think, but that the diameter of tne 
earth from pole to pole, from the 


top of the ſnow at one end of the 
earth, to the top of it at the other 
end, is much longer, than in any 
part under the equator, though at 
the creation it were (as I believe) 


made ſpherical “. 


In ſome mountainous countries, 


the proportion between the ſnow 
which falls at one ſeaſon of the year, 
and that which is diſſolved in an- 
other, approaches ſo near to an 
equality, that upon the ſame ſpot, 


the inow may in one year be ſeen 


quite through the year, in another, 


U 


the 


* Childrey's Brit. B:con, p. 138. 
„„ wo Pr 
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the laſt ſpeck of it will vaniſh in: 2 
| few weeks or days, before a ney my 
| ſupply is brought by the approach 2 
þ of winter. In colder climates, the : 
| utmoſt power of the ſummer ſun is 1 
i not able to melt all the ſnow which 
1 falls in the winter. In aſcending A 
1 mount Etna, the Alps, or the Andes, 8 
; though the lower parts are found to : 
iy be rich in vegetation, yet you ſoon 
is come to a region covered, as it | 
1 ſhould ſeem, with everlaſting ſnow: 
, the height at which this region com- 

1 


mences, does not admit much varia- 

tion in the ſame latitude, but is very 

different in different latitudes, It 
begins at the diſtance of near three 
miles above the level of the ſea, un- 
der the equinoctial line; and at cach 

pole, probably, it is not removed 
. from that level ſo many hundred 
teet ; 
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feet; it is found to be 600 yards 
nearer to the level of the ſeg at Tene- 
rife than under the equator; and 
above 1200 yards nearer in Sitzer- 
land than at Tenerife . 
Not only the tops of high moun- 
tains in every quarter of the globe 
are covered at all ſcaſons of the year 
with ſnow, but the ocean both in the 
northern and ſouthern hemiſphere. is, 
in high latitudes, replete with im- 
menſe mountains, and extenfive plains 
| of 


* Hiſto. Nat. des Glaciers Suiſſe — The 
author ſays, enfin la plupart des Montagnes 
voiſines des poles ſont couvertes juſqu'à leur 
pied de neiges perpetuelles. This obſerva- 
tin muſt not be admitted without reſtriction, 
if it be at all true, fince in Greenland, and in 
the latitude 79 degrees 44 minutes north, the 
feet of the mountains are in certain ſeaſons freed 
from ſnow. See Crantz's Hiſt. of Greenland, 


Vol I. p. 30. and Phipps's Voy. p. 52. and 


. 
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5 
of ice, in the greateſt heats of ſum- 
mer; and hence it has appeared pro- 


bable to many, that both the ſnow 
upon the land, and the ice upon the 
fea, receive an augmentation every 


year, from the continued agency of 


the ſame caufe which firſt produced 


them. 


Glaciers of the Alps; for their very 
exiſtence is a proof, that in precets 

ing ages the quantity of ſnow which 
has fallen during the winter, has ex- 


ceeded the quantity melred during 
the ſummer. Now not only the ſame 


cauſe ſtill ſubſiſts, but the cold, oc- 
caſioned by the maſs of ice already 
formed, 


A philoſopher, well acquainted 
with the nature of the Alps, expreſſes 
himſelf upon this ſubje& in the fol- 
lowing manner: One cannot doubt 
concerning the increaſe of all the 


(165 5 = 
formed, ought to augment it flilF. 
farther, and thence both more ſnow 
ought to fall, and a lefs quantity of 
it be melted *. If this be admitted, 
the time will undoubtedly come 
when the ſea will be diminiſhed in 
depth, if not dried up by the con- 
verſion of the water, which is daily 
raiſed from it, into ſnow or ice; and 
had the world been as old, as ſome 
are fond of ſuppoſing it to be, we 
ſhould, probably, have had no wa- 
ter upon its ſurface at the preſent 
day. However, it muſt be owned, 
that no argument can be drawn a- 
gainſt the antiquity of the world, 
from this conſideration, becauſe there 
is reaſon to believe that the ice and 
ſnow upon the ſurface of the earth 
are not annually increaſing in quan- 
3 5 „ 
De Luc de l'Atmoſphere, Vol. II. p. 328. 
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tity. For, beſides the heat of the air 
in ſummer, there is another cauſe 
which tends to prevent an indefinite 
augmentation of congealed water — 
the internal heat of the earth. The 
general heat of the ſprings of water, 
ſituated deep in the bowels of the 
earth, is 48 degrees; in mountainous 
. countries, J ſuſpect it to be ſome- 
what leſs, but ſufficient, notwith- 
ſtanding, for the purpoſe here men. 
tioned. When the ſnow, incum— 
bent on any ſpot of ground, is but 
thin, it may ſo far cool the earth, 
that its internal heat may not be able 
to diſſolve it; but when the bed 1s 
thick enough to protect the earth 
from the influence of the atmo- 
ſpherical cold, that ſurface of the 
ſnow which is contiguous to the ſur- 
face of the carth, may, even in the 
coldeſt 


3 
coldeſt winters, receive more heat 
from the earth than it does cold from 
the atmoſphere, and, on that ſuppo- 
ſition, J ſee no abſurdity in admitting, 
that it may be diſſolved at all ſeaſons 
of the year. 5 

The fact I believe is certain, that 
ſtreams of water iſſue from the bot- 
tom of the Glaciers in the Alps, in 
the greateſt ſeverity of winter; ſo 
that whether the internal heat of the 
earth be admitted, or not, as a cauſe 
ſufficient to explain the phenome- 
non, a conſtant thaw of the ice or 
mow, which is contiguous to the 
ſurface of the earth in the Alps, can- 


not be denied; and this, added to 
other cauſes, may render it probable 


that the quantity of congealed water 
has its limit, even in the coldeſt cli- 
mates. | | 5 | 


The | 


E 
The ordinary heat of ſpring water, 
which does not feel the viciſſitudes 
of the temperature of the atmo- 
ſphere, is here ſaid to be 48 degrees 
of Fahrenheit's thermometer; it may 


be worth while to add a few: remarks: 


on this ſubject. - 

In Auguſt 1778, when the heat of 
the air was 72 degrees, I tried, on the 
ſame day, .the temperature of ſeveral 
ſprings, reputed cold, in the neigh- 


bourhood of Matloc; and I- found 


them varying in. heat from 5o to 


54 degrees. This variation, pro- | 


bably, proceeds from their ſubterra- 
neous paſſages being ſituated at dif- 
ferent diſtances from the ſurface of 
the earth, which was then much 
warmed by the heat of the ſummer, 
Or. it may proceed ſrom the ſprings 
being more or leſs mixed with the 

„ water 


W 


U 


n 

water which ſupplies the warm baths, 
the heat of that water being 68 de- 
grees. There is a ſubterraneous 
paſſage upon the ſide of the hill near 
the nec bath at Matlock, which ter- 
minates in a large cavern, fituated 
under one of the fields in the midway 
between the new and the old bath; 
and from this cavern, which is always 
full, iſſues the warm water which 


ſupplies both the baths; and 1t may 
probably ooze out in different direc- 


tions, and in different quantities, fo 
as to make the neighbouring ſprings 
participate more or leſs of its warmth. 
At Lord Godolpbiu's houſe on Gog- 
nagog hills, near Cambridge, there is 
a well, above 230 feet in depth, 
which is dug through a ſtratum of 
chalk ; I have frequently examined 
the heat of the water of this well, 
„ and. 
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and conſtantly found it to be 55 
degrees. At Cherry Hinton, a village 
ſituated at the bottom of theſe hills, 
there iſſues from the chalk a very 
copious ſpring ; the heat of this water, 
as 1t bubbles out of the earth, is, at 


all ſeaſons of the year, 50 degrees. 


1 have tried the heat of ſome deep 
wells dug in chalk at Bury St. [id- 
- mund's, and found it variable from 
co to 52 degrees. It has 
been long and 3 obſerved 
that as far as the limeſtone ends 
that tract of ground makes the ſnow 
that falls on it, thaw or melt ſooner 
than it does on the neighbouring 
lands *. This is Mr. Boyle's ob- 
ſervation concerning ſome limeſtone 
land in Ireland, and he ſays its truth 
Was confirmed to him by a Dervy- 
fivre 


* Boy! le Wos ke, Vol. IV. p. 278. 


1 
hire miner, who aſſured him, that 
on contiguous diſtricts of land, ſnow 
was obſerved to diffolve much ſoon- 


er on the 1oil which covered lime- 


ſtone, than on that which covered 


freeftone. If theſe obſervations may 


be depended on, We ay, N 
in gencral infer, that tie heat of cal- 
careous ſtrata is grenter than that of 


other kinds of ſtrata, and this Would 


furniſh a reafon for che ſprings in 
chalk countries being of the warmth 
of co, though the ordinary heat 
of ſprings be not above 48 de- 


grces. 
In the middle of ſummer, when 
the air was 72 degrees 3 tried | 


the heat f ſome Ds: S at 94 70. 
gate in Lerkſhire. Pump- water at 
tne Grauby Inn 48 degrees. — Old 
Spaw 45 degrees. — Pewit or Tewit 

| * 811 
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well 48 degrees. —Sulphur well 50 
degrees. The cold well at Buxton, 
examined at the ſame time of the year, 
was 48 degrees, and the famous Spay 
at Llanrhaid'y in Denbighſbire was 
alſo 48 degrees; St. Winifred's well, 
at Holywell in Flintſhire, was con- 


ſiderably warmer, the thermometer, 


when held in the ſpring as it roſe 
- out of the earth, ſtanding at 54 de- 
- grees. I have tried a great many 
other ſprings in different parts ol 
Great Britain, and found the heat of 


- moſt of them to be included be- 


-zween the limits of 48 and 54 de- 
« prees, the mean of which is 51. 
Springs on the ſides of high moun- 
tains may, probably, participate of 
the cold which is found to be greater 
in elevated than in low ſituations. 
There is a ſpring by the fide of the 


. CUrR- 
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turnpike road leading over the high 
ground called Otley Shevin in Vork- 
ſhire; I obſerved the heat of this 


ſpring in September, when the air 
was warmed to 62 degrees, to be 
not 48, but only 45 degrees, The 
mean heat of ſprings near Edinburgh 
is ſaid to be 47, and at Landon; 51 

degrees: this diverſity depends, 

probably, on the different elevations 


of London and Edinburgh above 


the level of the ſea, 

1 have mentioned the Sulphur well 
at Harrowgate, according to its uſual 
appellation at that place, without 
taking upon me to decide the long 
controverted queſtion, concerning 
the exiſtence of ſulphur in that and 
other waters of the ſame kind. 
. Sulphur has been long eſteemed 1 

YOL, III. * mine- 

* Philoſ, Trand, 1775 P. 460. 


4-94 ©} 

mineral body very common to be 
met with in waters; and all thoſe 
waters which have a ftrong fetid 
ſmell, reſembling that of a foul gun, 
have been eſteemed to be more or leſs 
impregnated with ſulphur. How- 
ever, Dr. Hoffman ſeems to doubt 
much of its exiſtence in the greater 
number of ſuch waters; and Dr. 
Lucas has affirmed, that it is not to 
be found in the form of ſulphur in 
any water whatever; not even in that 
of Aix-la-Chapelle, where a true and 
perfect ſulphur is found on the up- 
per parts of the conduits through 
which the water paſſes; for he ſays, 
"that, ſtrictly ſpeaking, theſe waters 
do not contain ſulphur ſubſtantially 
diſſolved in them, but are impreg- 
nated with a phlogiſton and an acid, 
the principles of ſulphur ; which be 

1 1 
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ing in a volatile ſtate, are ſublimed, 
meet on the ſurface of the conduits, 
and there unite into a true and per- 
fect ſulphur, which did not naturally 
exiſt in the water*.” The author, 
from whom I have made this ex- 
tract, informs us, that Dr, Rutty 
: maintains the exiſtence of ſulphur 
in mineral waters; and that both Dr. 


Shaw and Dr. Short found ſulphur in 


Harrowgate water. Notwithſtand- 
it ing the teſtimony of ſuch eminent 
0 phyſicians, the more recent opinion 
» of a phyſician, whom Dr. Monro con- 


N ſulted on the ſubject in 1768, is 
againſt the exiſtence of ſulphur in 

ſuch waters. © I have taken parti- 
cular notice of every appearance of 
che Harrowgate waters, and muſt 


* 2 on 


wy Monro on Mineral Waters, Vol. I P. 30. 
ac 190, 
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own I never obſerved any appear. 
ance of ſulphur floating in them, nor 
any ſcum at the top of the well; nei- 
ther could 1 meet with any perſon 
in that quarter, who remembered the 
appearance of real fulphur ſublimed, 
vpon taking up the ſtones at the 
bottom of the well, as mentioned by 
Dr. Ne#l*.” — I beg leave to add 
my own obſervation on the ſubject, 
which I made in 1780. The water 
in the well riſcs into a circular ſtone 
baſon; a whitiſh cruft adheres to 
the ſtone, where it is contiguous to 
the ſurface of the water; I ſcraped 
off a portion of this cruſt, and put- 
ting it on a hot iron, I found that it 

| burned with the Fame and ſmell of 
fulpbur. I do not think that this 
experiment ablolutely warrants us to 
AY oy 580 
* Monro on Mineral Waters, Vol. J, p. 100. 
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conelude, that gFual ſulphur is con- 
| rained in this and other waters ge- 


nerally denominated ſulphureous; 


ve juſtly infer from it, that ſome- 
thing is ſublimed from the water, 


which either of itſelf is ſulphur, or 
which in conjunction with the air, 
or ſome other prisciple, conſtitutes 
ſulphur. 


The proſecution of this ſubject 


would lead to ſpeculations too ab- 


ſtruſe for my deſign; the following 


experiment, however, which 1 have 


frequently made, will, L hope, throw 
no inconſiderable light on the cauſe 
of the impregnation of ulphurenus. 


waters in general. 


The acid of vitriol does not act 0 


upen the common Derbyſhire lead 
ore, except when it is aſſiſted by 


heat, it then diſſolves it, and a great 
* 3 eſcape 


( 198 ) 
_ eſcape of air is obſerved; I made 
this air, as it was diſcharged from 
the ore, paſs through a high-bended 
tube into a bottle full of pump wa- 
ter : the water, in a very little time, 
acquired the fetid ſmell of Harrow- 
gate water, — its taſte was the ſame 
as that of ſuch ſulphureous waters 
as contain no ſalt, —it was perfectly 
tranſparent, but in the courſe of 24 
hours it became cloudy, and loſt moſt 
of its ſmell, —1t did not ſuffer any 
precipitation by the addition of the 
acid of vitriol, — filcer was blackened 
both by being put into this water, 
and by being expoſed to the vapour 
which aroſe from it; from all theſe 
circumſtances, it may properly 
enough, I think, be called an arti- 

 ficial ſulphureous water. 


I have obſerved the ſame pheno- 
mena 
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mena when, inſtead of lead ore, I 
uſed Black jack; and I remember 
that once having placed a bottle, 
containing black jack and acid of 
vitriol, ſo that its neck leaned againſt 
a plaſtered wall, I obſerved ſome. 
days afterwards, that the wall was 
ſtained, to the diſtance of above a- 
foot from the mouth of the bottle, 
of a purple colour, refembling the 
purple ſediment often found in ful- 
phureous wells, | 

Air of the kind here ſpoken of, 
may be ſeparated from other ſub- 
ances, as well as from lead ore and 
black jack,. and by other means, as 
well as by the acid of vitriol; and 
it ſeems very probable, that the wa- 
ters uſually called. ſulphureous, are 
inpregnated with this kind of air, 
which has been ſeparated, in the 
* 4 bowels. 


(1 
bowels of the earth, from particular 
minerals, eſpecially ſulphureous ones, 


It has been remarked of Harrowgate 
water, that as it ſprings up it is clear 
and ſparkling, and throws up a quan- 


tity of ir bubbles, 

During the proceſs of impregnat- 
ing water with air, by diffolving lead 
ore in the acid of vitriol, a part of 
the glaſs tube was coated with a 
thin pellicle of ſulphur, which had 


accompanied the air in its aſcent : 


May not the ſulphur ſublimed from 


Harrowgate water, have accompani- 
ed the air which gives it its {ſmell ? Is 


it certain that his kind of air does 


not conſiſt of attenuated parts of ſul- | 
phur, which have acquired an elaſtic 


force, and which cannot be con- 
denſed in water? Or is it not more 
probable, that this kind of air is one 


of | 


55 


of the conſtituent parts of ful phur, 


than ſulphur itſelf > Does this air, 
and the inflammable air ſeparable 
from ſome metallic ſubſtances, by 
. ſolution in acids, conſiſt of oleaginous 
particles in an elaſtic ſtate ? 

If the reader wiſhes to impregnate” 
common water with the ſu]Jphureous 
properties of Harrowgate water, he 
may do it in the following ſimple 
manner: Into an apothecary's vial, 


holding four or five ounces, put 


ſome pounded lead ore, and pour 


upon it ſome acid of vitriol (there 


is no occafion to be ſolicitous about 
the proportions of the lead ore and 


acid, for if there be more or leſs 
ore than the acid can diſſolve, ſtill 


air enough for the purpoſe will be 


diſcharged); wrap a few folds of 
wet linen round one end of 2 bended 


tube, 
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tube, inſert this end into the neck 
of the vial ſo cloſely, that no air 
may paſs out of the vial except 
through the tube; the end of the 
tube ſhould be at ſome diſtance 
from the ſurface of the acid. Put the 
other end of the tube into a bottle 
full of water, then, by ſetting the vial 
on the hot bar of a grate, or by ſome 
other means, heat the acid, and as 
ſoon as it is heated, it will begin to 
act on the lead ore, and a great quan- 


tity of air will be diſcharged, which 
wil! paſs through the tube into the 


water in the bottle, and in a few mi- 


nutes the water will be ſtrongly im 


pregnated with the ſulphureous pro- 


perties of Harrowgate water. Be- 


ſides its ſulphureous impregnation, 
Harrowgate water contains ſea ſalt; 


and moſt other ſulphufcous waters 


contain 


ex? 


1 
contain ſome ſalt or other, ſo that 
to make a complete imitation of 
them, the ſalts which they ſeverally 
hold ſhould be added, in due pro- 
portion, to the water impregnated 
with the air here ſpoken of. 
Though I am greatly diſpoſed to 
believe, that ſulphureous waters are 
impregnated with their peculiar 
ſmell and taſte, after the manner I 


have deſcribed; yet, to aſſiſt the rea- 
der's conjectures concerning the ori- 


gin of this impregnation, Iwill men- 
tion another way in which it may be 
ſuppoſed to ariſe, and which will 
account for the ſaline taſte as well as 
the ſmell of the water. 

I know not whether any ſpecies 
of maritime plants, containing fea 


ſalt, will impregnate water with a 


julphureous ſmell by means of pulre- 
Faction; 
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faction; nor whether all of them will 


do it by means of combuſtion, but 


that one of them will do it I can 


have no doubt: I allude to the 
Bladder fucus or ſea wrack, which is 
burned on our coaſts for the making 
of kelp. It has been mentioned be- 


fore *, that ſea wrack, when burned. 


to a black coal, will yield, by being 


boiled in water, a great quantity of 
common ſalt; and I would now re- 
mark, that the water extracts from 
the black aſhes, not only a great 


quantity of common ſalt, but /ome- 


thing elſe alſo, by which, without 


loſing its tranſparency, it acquires 


both the ſmell and ſulphureous taſte. 


of Harrowgate water; and by which 


it is enabled, like that water, to 


blacken ſilver and white Paint. 


* vol. I. p. 137. 


This 


Ln 7 
That ſomething I am ſenſible may 
be what chemiſts call /ver of ſulphur, 
or an union of ſulphur with fixed 
alkali, and it would not be difficult 


combuſtion of the ſea wrack ; no ſul- 
phur however can be precipitated 


_ caſe with Harrowgate water, a little 


by the acid of fea ſalt, impregnates 
water with a ſmell ſomewhat reſem- 
bling that of Harrowgate water, but 
its difference both from the natural 
and the artificial ſulphureous waters, 
may be eaſily diſtinguiſhed, eſpecial- 


hours ex poſed to the air. 


to explain its formation during the 


from the water by the acid of vitriol, 
though that acid turns it, as is the 


cloudy. The air extracted from iron 
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F 
OF. DERBYSHIRE LEA D ORE, 


EA ore, as dug out of the 


with ſpar, limeſtone, and other ſub- 
ſtances, bulk for bulk, lighter than 
the ore itſelf, It undergoes various 
dreſſings before it becomes a mer- 
chantable commodity, the general 
tendency of which is to free it, as 
much as poſſible, from every hetero- 
geneous impurity. e 


| Suppoſe 


The ſubſtance of this Eſſay was printed 


in the Philoſ, Tranſ. 1768. 


mine, is generally much mixed 
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"Suppoſe that a cubic foot of lead 


ore, which contained no ſpar or othei 


extraneous matter, would weigh 7800 
ounces, and that a cubic foot of ſpar, 
which contained no lead ore or other 


foreign ſubſtance, would weigh 2700 
-Ounces, then would a mixture, con- 
ſiſting of a cubic foot of pure lead 

ore, and a cubic foot of pure ſpar, 

weigh 10500 ounces, and one cubic 
foot of ſuch a mixture would weigh 

5250 ounces, It is obvious that 

according to the different propor- 


tions in which the particular kinds 


of ſpar and lead ore here aſſumed, 
are ſuppoſed to be mixed together, a 
cubic foot of the mixture will have 


different weights, the limits of which 
are on the one hand 7800, and on 
the other 2700 ounces; it never can 
weigh ſo little as 2700 ounces, for 


FT RTE then 


( 209 ) 
then it would conſiſt intirely of ſpar 
without any lead ore; nor can it 
ever weigh lo much as 7800 ounces, 
for then it would conſiſt intirely of 
lead ore without any ſpar. | 

From this view of the matter it 
is evident, that the purchaſing: of 
lead ore by the meaſure, which 1s 
the general, thou Th not the unive! fal 
cuſtom in Derlyſhire, is a mode lia- 


ble to ſome exception; fince a diſn, 


containing any definite meaſure, muſt 
have different weights according as 
the ore with which it 18 Glled is more 
or leſs free from ſpar. And it is 
{carce poſſible, by repeated dreſſings, 
to ſe parate all the ſpar from an ore, 
cr equal portions of it from equal 
portions of ore. 
There 1s a diverſity, however, in 


the weights of equal meaſures of lead 
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ore which, probably, does not ariſe 


from ſparry or other heterogeneous 
accretions, but from the nature of 
the ore itſelf, I have carefully cal- 
culated the weight of a cubic foot of 
many of the Derbyſhire lead ore:; 
the weight af a cubic foot of the 
lighteſt which I met with was 7051 
ounces, and the weight of a cubic 
foot of the heavieſt was 77 86 ounces; 
the difference amounting to between 
a ninth and a tenth part of the weight 
of the lighteſt, There are, proba- 
| bly, other ores of lead, the weights 

of equal bulks of which differ more 
than theſe here mentioned ; but the 
difference between theſe is ſufficient 
to ſhew the great uncertainty of pur- 


chaſing lead ore by the meaſure, 
ſince ten diſhes of one ſort of ore 


may not weigh more than nine diſhes 


t) 
of another ſort, though both the 
ſorts are equally well dreſſed. 


Lead ore is not always of the ſame 
goodneſs in the ſame mine, nor even 


in the ſame part of the ſame mine; 
and, what is more remarkable, the 
different parts of the ſame lump of 
ore have in equal bulks different 


weights. I could not eaſily have 


believed this, unleſs a variety of ex- 


periments had convinced me of che 


fat, 


well in ſmelting a lead ore from the He 
of Man; the ore was rich in filver. 


A lump of this ore, weighing about 
ten ounces, was broken into ſeveral _ 


pieces, and fuch of the pieces were 
ſelected as appeared to the eye to be 
wholly pure. I eſtimated the weight 


of a cubic foot of ſix of thoſe pieces, 


0 2 and 


They were employed lately at Hoh- 
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and found that a cubic foot of the 
lighteſt kind would have weighed 
6565 ounces, and a cubic foot of 
the heavieſt kind would have weigh- 
ed 7636 ounces. Suppoſing the 
weight of a cubic foot of water, to 


be "end by 1000, the mean 


weight of a cubic ſoot of the fix 
different pieces of this ore, may be 
expreſſed by 711 5 avoirdupoiſe 
ounces. 5 

A very pure ſpecimen * teſſella- 
ted lead ore, from a mine near Ab- 
over in Derbyſhire, was broken into 
Dx pieces, weighing near one ounce 


each, A cubic foot of the lighteſt 
of theſe pieces would have weighed 


7326 ounces, and a cubic foot of the 
heavieſt would have weighed 7786 


ounces, The mean weight of a cu- 


bic foot of the fix pieces was 7 566, 
5 


„„ 
At the ſame mine they fruity 
meet with ſmall quantities of ſtze]- 
grained lead ore. Six different pieces 
of the ſame lump of th. 5 kind of 
ore were choſen, each of. which ap- 
peared quite free from ſpar and every 
other impurity. A cubic foot of the 
liohteft of theſe pieces would have 
weighed 7198 ounces, and a cubic 
foot of the heavieſt would have 
weighed 7442 ounces. The mean 
we! ight of a cubic foot of the (x 
pieces was 7 242. 


Ocher lumps of ore ſrom different 
mines, were reſpectively broken into 
different pieces, and ſcarcely any 1 
two equal pieces of the ſame lump '® c 
vere obſerved to agree in weight 1 


This diverſity in the weights of 1 
equal bulks of the ſeveral pieces of- --: 9 
the { lame lump of ore may be owing, 
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( 24 ) 
either to the different proportions in 
which the conſtituent parts of the 
ore are combined in the ſeveral 
pieces; or to the different quantities 


of extraneous ſubſtances impercepti- 


bly mixed with them, or, which ſeems 
molt probable, to a diverſity in the 


ſize or configuration of their pores. 


But be the cauſe of this diverſity 


what it may, the fact, I believe, is 
certain, and by no means ſingular; 
for not to mention the varieties ob- 


ſervable in the weights of equal 
bulks of different pieces of roll 


brimſtone, of corroſive ſublimate, of 


caſt ſteel, and other factitious ſub- 
ſtances, the natural ſpars generally 
found along with lead ore are ſub- 


ject to a ſimilar diverſity, though 
not, perhaps, in an equal degree. 


A piece of rhomboidal, otherways 
"BY Cealled 


( 215 ) 
called refracting or lantern ſpar, was 
broken into four ſmaller pieces, 
the weights of a cubic foot of each 
of which were 2675, 2687, 2715, 


2723; the medium of the four is 


2700 ounces. Mr. Cotes fixes the 
weight of a cubic foor of Iceland 


cryſtal at 2720, and Wallerius fixes 


it at 2700 Ounces, 
The weights of a cubic foot of 


four pieces of the ſame lump of eu- 


bical par were 3204, 3218, 3222, 
3231; the medium of the four is 
3219 ounces, — Moſt of the ſpars 
met with in Derbyſhire are either 
rhomboidal or eubical ; they are eaſily 
diſtinguiſhed from each other by 
a view of their ſhape, when their an- 


ples can be diſcerned; and when the 


| ſhape cannot be eaſily ſeen, the na- 
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(7216 5: 
by: touching it with an acid; the 
rhomboidal ſpar always efferveſcing 


with an acid; and the cubical reſiſt. 


ing its action.” The lead ſmelters 
make great uſe of the cubical ſpar as 
a flux for ſuch lead ores as do not 
readily melt: it is curious to ſee its 
effect; a few ſhovels full of it, 
thrown upon a keap of red hot ore, 
immediately melting down the orc 


into a liquid, though the longeſt 


continuation of the fame degree of 
heat, without the. addition. of the 


fvar, would not have been Jufficient 
for the purpoſe. 


Six ounces of fine tellellated lead 


ore were put into a crucible and ex- 


poled, at firſt, to a gentle, and after- 


wards to a ſtrong fire: the ore grew 
red, and emitted fumes which ſmel- 


led of ſulphur; at length it melted, 
and 


3 


— byes 


( 217 ) 


and the fumes became very copious; 


they were accompanied with a yel- 


lowiſh flame upon the ſurface of the 


| melted ore, and when collected had 
a whitiſh-appearance. The crucible, 
aſter the ore had continued a full 


hour in perfect fuſion, was taken 


from the fire, and when ws was cold 


it was broken. The ma s which tt - 


contained weighed W ounces and 
an half; there was no ſcoria obſerv- 
able on its ſurface, nor were any 


particles of metal formed; it was 


ſtill an ore of lead. 


The maſs remaining from the laſt 


experiment was put into a freſh cru- 
cible, and expoſed to a ſtrong melt- 
ing heat; the fumes which aroſe 
from it ſeemed to be heavy; they 


brooded over the ſurface of the 
melted maſs in undulating flames, 


which. 
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628 ) 
which now and then appeared like 
burning zinc*, The lead was now 
formed, and many particles of it 
were ſublimed to at leaſt ſix inches 
above the ſurface of the liquid in 


the crucible. After letting the cru- 


cible continue two hours in this 


ſtate, I poured out its contents, and 


found them conſiſting partly of lead, 


partly of lead ore, and partly of a 


very minute portion of browniſh 
ſcoria. I repeated this experiment 
with the ſame ſucceſs. 


Theſe experiments prove, that 
ſome ſubſtance or other is contained 


in lead ore, which muſt be diſperſed 
before the ore can be formed into 
lead; and they ſhew too, that it re- 


quires a conſiderable time to effect 


the 


* It may deſerve to be inquired whether zinc 


may not be contained in lead, iron, and other 
ores, more frequently than is ſuppoſed. 


(219) 
the diſperſion of this ſubſtance, ſince 
ſix ounces of ore, though kept three 
hours or more in complete fuſion, 
were not wholly brought into the 
believe that the lead in this kind of 
ore is in its metallic ſtate, as the ore 
was changed into lead without the 
addition of any ſubſtance containing 
the inflammable principle; and, laſt- 
by, they render it probable, that the 
fumes ariſing from melted ore, carry 
off with them no inconſiderable por- 
tion of the lead itſelf. At the great 
ſmelting houſes in Derbyſhire, they 
put a ton of ore at a time into the 
furnace, and work it off in eight 
hours; the ore might be wholly 
melted in one hour, but the lead, 
perhaps, is not formed in the greateſt 
poſſible quantity in eight hours. 

5 Some 


( 220 ) 

Some fine teſſellated lead ore from 
Derbyſhire, was pounded into ſmall 
lumps, each about the ſize of a pea, 
and carefully picked from ſpar and 
other impurities, Sixteen ounces 


of this ore, thus previouſly cleanſed, 


were diſtilled in an earthen retort; 


as ſoon as the ore felt the fire, the 


ſtopple of the quilled receiver had a 
ſtrong ſmell, reſembling that of the 
inflammable air, ſeparable from ſome 
metals by ſolution in acids; ſoon af. 
rer a ſmall portion of a liquid came 
over into the receiver; the fire was 
then raiſed till the retort was of a 
white heat, when a black matter be- 
gan to be ſublimed into the neck of 
the retort; the operation was then 
diſcontinued. This experiment was 
undertaken with a view of ſeeing- 
„ we 


Enn 
whether ſulphur could be ſeparated 
from lead ore, as it .may be from 
ſome ſpecies of the pyrites, by diſtil- 
lation, and it appears from the iſſue 
of the experiment that it cannot, at 
Jeaft in the degree of heat which is 
requiſite for ſubliming the ore. Up- 
on breaking the retort, I found that 
the ore had been melted during the 
operation, for there was a conſitent 
cake of ore of the figure of the bot- 
tom of the retort; the weight of this 
cake was fifteen 'ounces and an half, 
the weight of the liquid in the re- 
ceiver, and of the black matter 
which had been ſublimed, did not 
together amount to one quarter of 
an ounce, fo. that a quarter of an 
ounce or more had been diſperſed, 
probably i in the form of air, or ſome 
elaitic fluid. T8 ore by this pro- 
ceſs 
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( 222 ) 
ceſs had loft one thirty-ſecond part 
of its weight. The liquid did not 
efferveſce with either acids or alka- 
lies; nor did it produce any change 
in the colour of blue paper, yet [ 
am certain, from experiment, that 
one drop of oil of vitriol, though 
_ diluted with two ounces of water, 
would have produced a ſenſible red- 
neſs on the blue paper which I vſed. 
The liquid, notwithſtanding, had an 
acid taſte, and a pungent ſmell, re- 


ſembling that of the volatile vitriolic 


acid. The black matter which had 
been ſublimed into the neck of the 
retort, was examined with a micro- 
ſcope, and it appeared to be pure 
lead ore. The melted ore which 
was found at the bottom of the re- 
' tort, had not any appearance of 
ſcoria, or of lead, * its  furface. 

- Dome 
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Some phenomena attending this 


experiment, de ſerved, I thought, 2 


further inveſtigation. I therefore 
diſtilled another 16 ounces of ore, 
but with a fire ſtronger and continu- 
ed for a longer time, than in the pre- 


ceding experiment: the quantity of 


liquid was much the fame, there was 
a ſmell of ſulphur, and, perhaps, to 
the amount of half a grain of ſul- 
phur was found in the receiver; the 
ore was 1n this experiment ſublimed 
into the neck of the retort to the 
thickneſs of one fourth of an inch. 


There was found, as before, a cake 


of melted ore at the bottom of the 

' retort, but no fenfible portion of 
either lead or ſeoria® ; ; fo that we may 
OY ſafely 


3 1 kave ſaid no fenfible portion; there 
was, however, an appearance of ſcoria ad- 
hering to the _ and an appearance of lead 
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( 224 ) 
ſafely conclude that lead ore cannot 
be decompoſed by the ſtrongeſt fires 
in cloſe veſſels, but that it may be 
ſublimed in them. The ore had loſt 
near an ounce of its weight. 

Though the experiment is ſuffci- 
ently troubleſome, I was not deter- 
red from making it once more; for 
1 wanted to ſce whether lead ore 
could be wholly ſublimed; as 1 


thought that philoſophers might 


thereby form ſome conjectures of 
the efficacy of ſubterraneous fires in 
„ ſubliming 
adhering to the bottom of the retort; but the 
quantity of each was exceedingly ſmall, and 
they were both, probably, produced from that 
minute decompoſition of the ore which pro- 
duced the ſulphur, and which would not, ! 
think, have taken place in any degree, had 
there been no communication with the external 
air; but the orifice of the quilled receiver was 
not always cloſely ſtopped during the diſtilla- 
tion. „ 


(3225) 

in lead ores, and, perhaps, - ores of 
other metallic ſubſtances. The event 
of this third experiment was perfect- 
ly correſpondent to that of the two 
former, with reſpect to the produc- 
tion of liquid, and the leparation of 
air, which was caught in a bladder, 
but was not found to be inflamma— 

ble: the lead ore too was ſo plenti- 
fully ſublimed into the neck of the 
retort, that it quite. plugged it up 
for above three inches in length 

Upon dit continuing the fire, which 
had been raiſed to a degree of heat 
exceedingly great, I found the retort 
was cracked, and that the cake at 
its bottom was very different from 


what was found at the bottom of the 


ther retorts, which had ſtood the 


fire without) cracking; for this cake 
was covered with a black glaſſy ſco- 
VOL. 111. 3 2m 
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ria 2 of an inch in thickneſs, and the 


ore which laid under it, was in part 
changed into lead, and the whole of 
the ore did not weigh quite ten 
ounces, ſo that above 6 ounces had 
been loſt by eſcaping through the 
crack, By a cornmunication with 
the air through the crack, the ore 


was decompoled, and thus both lecd 


and ſcoria were formed, which in the 


other experiments, for want of ſuch 


a decompoſition, could not be form- 


ed. There was a thin coat of ſul- 


phur alſo which lined the inſide of 
the receiver, and this ſulphur, pro- 


bably, aroſe from the decompolition 


of the ore, ſince none, or next to 


none, was obſcrved in the other diſ- 


tillations of the ore. 1 found that 


the weight of a cubic foot of the 
ore, which had been ſublimed into 
1 the 


thi 


ta 


fo 
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the neck of the retort, was 7500 


ounces; which ſufficiently agrees 


with the weight J had before aſcer- 
tained of this kind of ore. A cubic 
foot of the black glaſſy ſcoria weigh- 
ed 3333 ounces; and the metallic 
cake which laid under it, and which 
conſiſted partly of lead, and princi- 
pally of ore not quite changed into 
lead, gave 8738 ounces to the cubic 
Mot.. 


Finding that ſulphur could not be 


ſeparated from lead ore by diſtilling 
it in cloſe veſſels without addition, 
and yet being much diſpoſed to 


think that it contained a conſidera- 


ble portion of ſulphur, I firſt thought 


of diſtilling 1t with charcoal duit, 


iron filings, ſand, and other add1- 
lions; but recollecting that ſulphur 
might be ſeparated from antimony 
1 2 * 
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by ſolution in acids, I thought it 


not improbable, that it might be ſe- 


parated from lead ore by the ſame 
means, and the ſucceſs of the follow- 


ing experiment abundantly juſtified 


the conjecture, 


Upon ren ounces of lead ore, 


cleanſed as in the preceding experi- 
ments, I poured five ounces of the 


ſtrongeſt ſuming ſpirits of nitre; this 


ſtrong acid not ſeeming to act upon 
the ore, I diluted it with five ounces 
of water; a violent ebullition, ac- 
companied with red fumes, immedi- 
ately took place; the ſolution of the 
die in this menſtruum became mani- 
ſeſt, and when it was finiſhed, there 
remained floating open the ſurface 
of the merftruum a cake of fine yel- 
low ſulphur, perfectly reſembling 


common ſul Phur. 
Le- 
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I repeated this experiment a great 


many times, in order to aicertain the 
quantity of ſulphur contained in lead 
ore, and ſeparable therefrom by ſo- 
Jution in acid of nitre. The reſults 
of different experiments were ſeldom 
the ſame; the matter ſeparable from 


the ore by ſolution, after being re- 


peatedly waſhed in large quantities 


of hot water, in order to free it from 


every ſaline admixture, ſometimes 
amounted to more, ſometimes to 
leſs than one-third of the weight of 
the ore, This matter may, for the 
lake of diſtinction, be called crude 


fulphur, Its apparent purity might 


induce a belief that it contained no 


heterogeneous mixture, yet the fol- 
lowing experiments ſhew how much 
we ſhould be deceived in forming 
1 Ly ſuch 
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ſuch a conjecture and how rightly 
it is denominated crude ſulphur. 
From one hundred and twenty 
parts, by weight, of lead ore, I ob- 
tained, by ſolution in acid of nitre, 
ſubſequent waſhing in hot water, and 
drying by a gentle fire, forty parts 


of a ſubſtance which looked like ſul- 
phur : theſe forty parts were put on 


a red-hot iron, the ſulphur was made 


manifeſt by a blue flame and pun- 
gent ſmell. When the flame went 
out, there remained upon the iron 


unconſumed, twenty-ſix parts of a 
greyiſh calx; the weight of the ſul- 


phur which was conſumed muſt there- 
fore haveamounted to fourteen parts, 
or between one eighth and one ninth 


part of the weight of the ore, It 
has been obſerved, that the weight 
of the matter, ſeparable from lead ore 

. by 


6 431.) 


by ſolution in acid of nitre, ſome- 


times exceeded and ſometimes fell 


ſhort of, one third part of the weight 
of the ore; this variety, as far as I 
have been able to obſerve, does not 
extend to the quantity of ſulphur 
contained in a given quantity of ore, 
it depends upon the quantity of calx 
remaining after the burning of the 
ful; hur, Different lead ores will 


doubtleſs contain different quantities 


of ſulphur; but that the ſulphur 
contained in the lead ore which I 


examined, conſtitutes between one 
eighth and one ninth part of the 
weight of the ore, is a concluſion | 
upon which, from a variety of expe- 


riments, I am diſpoſed 0 rely. 


There are ſaid to be annually ſmelted 
in Derbyſhire about ten thouſand tons 
„„ * 
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of lead ore“; now if means could be 


invented (which I think very poſſi- 


ble) of ſaving the ſulphur contained 
in ten thouſand tons of ore, ſuppoſ- 
ing that the ore ſhould only yield 
one tenth of its weight of ſulphur, 
though it unqueſtionably contains 
more, Derbyſpire alone would furniſh 
annually one thouſand tons of ſul— 
Phur, the value of which would an- 
nually be about fifteen thouſand 
pounds. I mention this circumſtance 


thus publicly, in bopes that the lead 
ſmelters may be induced to proſe- 
cute the ſubject. If the fulphur 


contained in the lead ore could be 


collected, it would not only be a lu- 


crative buſineſs to the ſmelters, but 
a great ſaving to the nation. Ve at 
preſent 

* This eſtimate is, I haye reaſon to think, 
too high. | 
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preſent import the ſulphur we uſe, 
and the conſumption of this com- 
modity is exceeding great, in the 
making of gunpowder, in form- 
ing the mixture for covering the 
bottom and ſides of ſhips *, and 
in a great variety of arts, Ihe 
ſmelters need not be apprehenſive 
leſt the quality of the ore ſhould be 
injured by extracting the ſulphur. 
Eighteen hundred weight of ore, 
from which the ſulphur has been 


extracted, will certainly yield as 


much lead as twenty hundred weight 
of ore, from which the ſulphur has 
not been extracted, and it will, pro- 
bably, yield more. Arlenic is ex- 

tracted 
* This mixture is made of one part of tal- 


low, of one part of brimſtone, and of three 
parts nearly of roſin. The tallow and roßn 


are melted together, and the brimſione is 
ſtirred into them; 140 pounds of brimiſtone 18 


enough for a veſſel of 140 tons. 
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2 
tracted from a particular ore in 
Saxony, by roaſting the ore in a fur- 
nace, which has a long horizontal 
chimney ; the chimney is large, has 


many windings and angles, that the 


arſenical vapour which ariſes from 
the ore may be the more eaſily con- 
denſed: the arſenic attaches itſelf 


like foot to the chimney, and is from 


time to time ſwept out. It 1s very 
probable, that by ſome ſuch con- 
trivance the ſulphur contained in 
lead ore might be collected. The 
ſmelters call every thing ſulphur 
which is volatilized during the roaſt- 


- 


ing or fluxing of an ore; but none 
of thoſe with whom TI have converſed, 
had any notion that common {ul- 


phur could be ſeparated from lead 


e., 55 
The greyiſh calx which remained 
5 upon 


0 235 ) 
upon the iron after the ſulphur was 
eonſumed, was put upon a piece of 
lighted charcoal; the heat of the 
charcoal being quickened by blow- 
ing upon it, a great number of glo- 
bules of lead were formed upon its 
ſurface. From hence ir appears, 
that this calx 1s not an unmetallic 
earth contained in the ore, which 
the acid of nitre could not diſſolve; 
but a calx of lead, probably pro- 
duced by the violent action of the 
acid, and which, by the addition of 
phlogiſton, may be exhibited in its 
metallic form. The quantity of this 
calx depends much upon the action 
of the acid upon the ore; if that 
action is violent, the calx is in 


greater abundance than if it be mo- 


derate; and I am not certain whe- 
ther the experiment might not be ſo 
| managed, 
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managed, that there would be little 
or no calx remaining; that is, a 
given quantity of ore might be ſo 
diſſolved in the acid of nitre, that 
nothing would remain undiſſolved 
except the ſulphur. But I have not 
yet perfectly ſatisfied myſelf as to 
the conſtituent parts of lead ore. 1 
am certain that it contains dead, uud 
ſulphur, a liquid, and air: of the ex- 
iſtence of the three firſt there can be 
no doubt, from what has been ſaid, 
and the air is rendered beautifully 
apparent by the following experi- 
ment. 
Let ſome lead ore be reduced into 
a fine powder, put it into a narrov- 
bottomed ale glaſs, fil! the glass 
three parts with water, drop into the 
water a portion of the ſtrong acid of 
nitre, you may judge of the requi- 

lite 


1 
ſite quantity by ſeeing the ſolution 
commence, and you will obſerve the 

re univerſally covered with bubbles 
of air, theſe will buoy the ore up 
in large tufts to the ſurface, and the 
air will continue to be ſeparated 
from the ore till the acid becomes 
ſaturated with the lead. The falt 


ariſing from the union of the nitrous. 


acid to the lead often appears cry- 


ſtallized upon the ſurface of the 


menſtruum in this experiment; and 


if, when the menſtruum is in that 


ſtate, a little freſh acid be added, the 
falt inftantly cryftallizes and falls 


down to the bottom of the glaſs, the 


acid having abſorbed the water which 
| held it in ſolution. When lead is 
diſblved in the manner here men— 
tioned, by a very diluted acid of ni- 


tre, there is no appearance of ſul- 


phur 
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. 
phur upon the ſurface of the men- 
ſtruum, there is found at its bottom 
a black matter, which 1s the ſulphur, 


But though lead, and fulphur, a 


liquid, and air*, are unqueſtionably 
conſtituent parts of lead ore, I do 


not take upon me to ſay, that they 


are the only conſtituent parts: it is 
well known, that during. the ſmelt- 
ing of lead ore, a third part or more 


of its weight is ſome how or other 


loſt, fince from one and twenty hun- 
dred weight of ore, they ſeldom ob- 
tain above fourteen hundred weight 
of lead. What is loſt partly conſiſts 
of a ſcoria which floats upon the 
ſurface of the lead during the opera- 


tion of ſmelting, and partly of what 


18 


I have ſeparated inflammable air from 
lead ore, by diflolving it in the acid of ia 


alt. 


6329 |. 
is ſublimed up the chimney and diſ- 
fipated in the air. The ſcoria, I ap- 
prehend, would be very little, even 
from a ton of ore, if the ore was 
quite free from ſpar: it is the ſpar 
which is mixed with the ore that con- 
ſtitutes the main portion of the ſco- | [ 
ria“. I have in my poſſeſſion a folid WM 
maſs of ſcoria, which accidentally 
flowed out from a ſmelting furnace, 
and which in colour and conſiſtency 
perfectly reſembles grey lime- ſtone; 
1t receives a poliſh as fine as marble, 
and it might perhaps with advan- _ 
tage be caſt into moulds for paving 
ſtones, chimney pieces, and other Ky 
mat- Us 
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* The fpar without queſtion augments the I 
quantity of the ſcoria, yet the lead ore, which _—_ 
appears to the eye to be quite free from ſpar, 0 
yields a confiderable portion of a black glaſſy 
oria, when urged with a ſufficient fire. 
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matters. It ariſes from the ſpar mix- 
ed with the ore, and, by the addition 


of cubical ſpar to the ore during its 
fuſion, its quantity might be increal- 
ed at no great expence, in any pro- 
poi tion. That part of the ore which 
is ſublimed and diſperſed in the air, 


conſiſts partly of the ſulphur which is 


dec ompoſcd, and partly of lead; this 


ſublimed lead attaches itſelf in part 
to the ſides of the chimney of the 
ſmelting furnace; the reſt of it flies 
up into the air, from whence it falls 


upon the ground, poiſoning the wa- 
ter and herbage upon which it ſet- 


tles. This ſublimed lead might be 
collected either by making it meet 


with water, or with the vapour of 
water, during its aſcent, or by mak- 


ing it paſs through an horizontal 
chimney of a ſufficient length. _ 
1 1 
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It is not eaſy to determine with 
preciſion the quantity of this ſublim- 
ed lead; a general gueſs, however, 
may throw ſome light upon the ſub- 
jet. They uſually at a ſmelting 


hundred- weight, of lead ore every 
twenty · ſour hours; the ſulphur con- 


ve will ſuppoſe to be ſeven hundred 
weighr, and the lead to be forty 


ria, and ſublimed lead muit toge- 


to thirteen hundred weight; now, 
admitting three hundred weight of 


evident that, could it be collected, 
there would be an annual ſaving at 
each ſinelting houſe of above fifty 


houſe work off three tons, or ſixty 
rained in ſixty hundred weight of ore, 


hundred weight; the air, liquid, ſco- 


ther, upon this ſuppoſition, amount 


the thirteen to be ſublimed lead, it is 


tons, which, ſuppoſing it to be 
t . worth 
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worth four pounds per ton, would 
amount to above two hundred pounds 
a year. The price, if not the quan- 
tity of lead ſublimate, here aſſumed, 
is, probably, below the truth; but 
my end is anſwered in giving this 
hint to perſons engaged in the ſmelt- 
ing buſineſs. | 
The following experiments, 
though upon a different ſubject, 
may not be unacceptable to the lovers 
of chemiſtry, as I do not remember 

to have any where met with them. 
It is commonly known, that the 
ſurface of melted lead becomes co- 
vered with a pellicle of various co- 
lours. I undertook ſome experi- 
ments in the courſe of laſt winter, 
with a view to aſcertain the order in 
which the colours ſucceeded each 
other. The lead which lines the 
e „ bank 


„ eee as e 


1 


. 
boxes in which tea is imported from 
China happening to be at hand, ſome 
of it was melted in an iron ladle ; but 
1 was much ſurpriſed to find that 
its ſurface, though it was preſently 
covered with a duſky pellicle, did 


not exhibit any colours. Imagining 
that the heat was not ſufficiently 


ſtrong to render the colours viſible, 


the fire was urged till the ladle be- 


came red hot, the calcined pellicle 
upon the ſurface of the lead was red 
hot alſo, but it was ſtill without co- 
Jour. The ſame parcel of lead was 
boiled in a crucible for a conſider- 
able time; during the boiling a co- 


pious ſteam was diſcharged, and the 


ſurface of the lead, as is uſual, be- 
came covered with a half vitrifiecl 
ſcoria, The lead which remained un- 
vitrified was then examined, and it 
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had acquired the property of form- 
ing a ſucceſſion of coloured pellicles, 
during the whole time of continuing 
in a ſtate of fuſion, 
Another portion of the ſame kind 1 
of lead was expoſed to a ſtrong cal- fo 
cining heat for a long time; the part 
which remained uncalcined did, at 
length, acquire the property of ex- 4 
hibiting colours ſufficiently vivid. 
Theſe experiments induced me to 
conclude, that the Chineſe lead was 
mixed with ſome ſubſtance from 
which it was neceſſary to free it ei- 
ther by ſublimation or calcination, 
before it would exhibit its colours, 
It would be uſeleſs to mention all 
the experiments which I made be- 
fore I diſcovered the heterogeneous 
ſubſtance with which I ſuppoſed the 
Chineſe lead was mixed. Ar laſt 1 
Che, hit 


5 — Cod 


hit upon one which ſeems fully ſuf- 


ficient to explain the phenomenon, 


Into a ladle full of melted Derby- 
ſhire lead, which manifeſted a ſuc- 
ceſſion of the moſt vivid colours, 


put a ſmall portion of tin, and ob- 


ſerved, that as ſoon as the tin was 
melted, and mixed with the lead, no 
more colours were to be feen. I 


do not know preciſely the ſmalleſt 


poſſible quantity of tin, which will 
be ſufficient to deprive a given quan- 


tity of lead of its property of form- 


ing coloured pellicles, but I have 
reaſon to believe that it does not ex- 
ceed one five thouſandth part of che 
weight of the lead. 


Derbyſhire lead, which has loſt 
its property of exhibiting colours by 


being mixed with tin, acquires it 
igain, as is mentioned of the Chineſe 
2 lead, 


8 


( 246 ) 
lead, by being expoſed to a calcining 
heat for a ſufficient time; the tin, it 


is ſuppoſed, being ſeparated from the 


lead by calcination, before all the 
lead is reduced to a calx. 

Some calcined Chineſe lead was 
reduced to its metall:c form by burn- 
ing ſome tallow over it. The re- 
diced lead gave, when melted, co- 
loured pellicles; the calx of tin, 
which we ſuppoſe to have been mix- 


ed with the calcined lead, not being 


ſo eaſily reducible as that of lead. 

1 find that Zinc is another metallic 
ſubſtance which has the ſame pro- 
perty as tin with reſpe& to the de- 
priving lead of its power of forming 
coloured pellicles ; but it does not, 
I think, poſſeſs this power in ſo emi- 


nent a degree as tin. I put ſmall 
portions of biſmuth alſo into melted 


le ad, 


4-97 3 
lead, but the lead fill retained its 
quality of forming colours. I melted 
together ſome ſilver and lead, but 
the lead did not thereby loſe its 


power of forming colours, A little 


tin added to a mixture of lead and 
biſmuth, or to a mixture of ſilver 
and lead, immediately takes away 
from the reſpective mixtures the fa- 
culty of forming coloured pellicles. 
This quality of tin has hitherto, 
as far as I know, been unobſerved; 
but every new fact, relative to the 
actions of bodies. one upon another, 
ought to be recorded. The change, 
produced in lead by the admixture 
of a ſmall portion of tin, is much felt 
by the plumbers, as it makes the 


metal ſo hard and harſh, that it is 


not without difficulty they can caſt 
it into ſheet lead. If their old lead 
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does not work ſo willingly, nor 


| 
exhibit colours ſo readily, as new t 
lead, they may refer the difference a 
to the ſmall quantity of tin contained f 
in the ſolder, from which old lead ” 
can ſeldom be thoroughly ireed, 
With reſpect to the order in which 
the colours ſucceed one another upon | 


the ſurface of melted lead, it ſeems 
to be the following one; yellow, pur- 1 
ple, blue,— yellow, purple, green.— 
Pink, green, —pink, green. Upon ex- 
hibiting the bright ſurface of melted 
lead to the air, I have often obſery- 
ed theſe ten changes to follow one 
another in a more or leſs rapid ſuc- 
ceſſion, according to the degree of 
heat prevailing in the lead. If the 
heat is but ſmall, the ſucceſſion ſtops 
before it has gone through all the 
changes; but with the greateſt heat 
„ ” al 


5 


did not obſerve any further varia- 
tion. All the colours are very vivid, 
and each ſeems to go through all the 


ſnades belonging to it before it is 
changed into the next in order. 
The formation of theſe colours 
may be explained from what has 
been advanced by Sir Iſaac Newton, 
and illuſtrated by the very ingeni- 
ous experiments of Mr. Delaval, re- 


lative to the ſize of the particles con- 


ſtituting coloured bodies. 


r vt 


or THE SMELTING OF LEAD OR ES 
AS PRACTISED IN DERBYSHIRE, 


HERE is a certain ſtandard 
of perfection in the exerciſe of 
every art, which is not always well 


underſtood; and after men do ſuffi- 


ciently comprehend it, many ages 
often paſs away before they are for- 


tunate or ingenious enough to attain 
it, To extract the greateſt poſſible 


quantity 


( 252 ) 
quantity of metal, from any parti- 
cular kind, and any definite quantity 
of ore, is a problem of great impor- 
tance,. whether it be conſidered in a 
philoſophical or a commercial light; 
yet he who ſhould apply himſelf to 
the ſolution of it, with an expecta- 
tion of being ufeful to mankind, 
muſt take into conſideration another 


circumſtance, of as much importance 


as the quantity of metal to be ex- 
tracted, —the expence attending the 
proceſs, For it is obvious, that a 


great quantity of metal extracted at 
a great expence, may not produce ſo 


much clear profit, as a leſs quantity 


procured at an eaſier rate; there is a 


beneficial limit between the quantity 
to be obtained, and the expence at- 


tending the operation, which nothing 


but experience can aſcertain. 


It 


{. $39) 

It has been proved, by experi- 
ments made in France, that lead ore, 
when ſmelted by a fire made of wood, 
yielded one tenth more lead, than in 


the ordinary method of ſmelting by 


means of pitcoal; yet pitcoal is ſo 
much cheaper than wood, in Derby- 


ſnire, and moſt other parts of Great 


Britain, that the loſs of a tenth of 


the lead is, probably, more than 


compenſated, by the uſe of pitcoal 
inſtead of wood or charcoal. It is 
poſſible, perhaps, even with the uſe 
of pitcoal, by an alteration in the 
proceſs of ſmelting, to extract from 


every twenty tons of ore, one ton 
more of lead than is any where ex- 


tracted at preſent ; but whether the 
price of one ton of lead, would be 


mor E 


x Eſſai des Mines 1 par M. Hellot, Vol II. 
p. 114. 
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more. than ſufficient to defray the 
extraordinary expence attending the 
alteration of the proceſs, muſt be 
left to the decifion of thoſe who are 
intereſted in the ſucceſs of ſuch in- 
quiries. 185 

The art of ſmelting the ores of all 
metallic ſubſtances, was, probably, 
at firſt very imperfect in every part 
of the world; and this doubtleſs has 
been a reaſon, why the uſe of iron 
has every where been of a more re- 

cent date, than that of the other 
metals, ſince it requires the applica- 
tion of a much ſtronger fire to ſmelt 
the ores of 1 iron, than thoſe of any 
other metal. 

We have no certain account when, | 
or by whom, the ſeveral metals were 
diſcovered; Wallerius ſays, that, as 
far as he knew, Pliny was the firſt 

2 who 
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who enumerated the /ix metals : * 


Pliny may, probably, be the firſt 


Natural Hiſtorian who mentioned 


them, but they were certainly known 


long before the age of Pliny, and 
were mentioned both by Homer, and 


by an author far more ancient than 


Homer—Me/s.—< Only the gold, 
and the „ver, the braſs (copper), the 


iron, the lin, and the /cad, every thing 


that may abide the fire, ye ſhall make _ 
it go through the fire, and it ſhall be 


clean.” + From this teſtimony we 
are certain that all the metals were 
known, at leaſt in the country of the 


Midianites, above 1450 years before 
the birth of Chriſt, or near goo years 


after 


* primus (ſcil. Plinius) quantum mihi 
conſtat, ſex metalla enumeravit. Waller. de 
Syſ. Minera. p. 10. „ 

+ Numb, xXXI. 22. 
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after the deluge. When I ſay al | 


the metals, I muſt be underſtood to 
mean, all thoſe which were anciently 
known; for platina, the ſeventh me- 
tal, has been but recently diſcovered, 
and 1s not yet brought into genera] 
uſe ; and guicłſilver or mercury is not 


admitted by mineralogiſts into the 


claſs of metals; though it has a good 
right to be admitted, ſince in a ſuffi- 


cient degree of cold, it poſſeſſes the 
great characteriſtic property of 2 
metal, as diſtinguiſhed from a femi- 
metal — malleability. This property 
of malleability, as conſtituting the 
criterion by which metals differ from 
ſemimetals, is not over rigidly to be 


inſiſted on, ſince iron, when firſt 


fluxed from its ore, or when con- 


verted into ſteel, and hardened by 


being ſuddenly immerſed when red 


hot 


-- 1097 
hot in water, is leſs malleable than 
zinc, which is always claſſed amongſt 
the ſemimetals. 

It has been contended, that copper 
was one of the firſt metals which was 


uſed as money, and that gold and 
ſilver were, in very remote ages, of 


little account in that view. In many 
inſtances the greatneſs of the Roman 
name has made us forget the æra 
when that people began to be diſ- 
tinguiſhed in hiſtory, and induced 
us to conſider their cuſtoms, as the 
firſt which prevailed amongſt man- 
kind. It is granted, that Servius 


Tullius firſt coined copper, and that 


the Romans uſed no other currency 
till the four hundredth and eighty- 
fifth year of their city,“ when ſilver 


a to be coined ;' but from this 


* Plin, Hiſt, Nat. Lib, XXXIII. 8. 13. 
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conceſſion, - no argument can be de- 
duced for the ſole uſe of copper as 4 
currency, in the firſt ages of the 
world. We know, from undoubted 
authority, that filver was uſed in 
commerce, at leaſt eleven hundred 


years before even the foundation of 


Rome. — Aud Abraham weighed to 
Ephren, the filver which he had named 
in the audience of the ſons of Heth, four 


 bundred ſhekels of ſilver, current money 
With the merchant*, About 60 years 


before Abraham paid this ſum for a 
piece of land in Canaau, he is ſaid, 


upon his return from Egypt, to have 
been rich, not in copper and iron, 


but in Glver and gold f. 
Iron and copper were certainly 


known before the deluge; and it is 


probable, that all the other. metals, 
every 


o Gen. xxiii. 16: I Gen. ii. 2. 


(. 9 | 
every one of which is more eaſily ex- 
tracted from its ore than iron and 
copper are from theirs, were known 
alſo to the Antediluvians; we have 
proof, however, that in the time of 
Abraham, gold and ſilver were eſ- 
teemed, as they are at preſent, pre- 
cious metals; and hence it ſeems 
reaſonable enough to conclude, that 
Noah was able to inftruct his de- 
ſcendants in the art of ſmelting me- 
tallic ores: but, though this be ad- 
mitted, we need not be ſurpriſed at 
the ignorance of many barbarous na- 
tions in this particular. For the va- 
rious colonies which, either by com- 
pulſion or choice, quitted the plains 
of Ala, in ſearch of ſettlements, may 
not always have had in their com- 
pany men who had been inſtructed in 
the art of ſmelting ; and thoſe who 
VV 


r ccc 


„ 
did underſtand it, when the colony 
firſt migrated, may, in many in- 


ſtances, have died before any ores 


were diſcovered, upon which they 


might have exerted their ſkill ; and 


thus the- art of ſmelting being once 


loſt, it is eaſy to conceive that many 


nations may have remained for ages 
without the uſe of metals, or with 


. the uſe of ſuch only as are found 
ready formed in the earth, or are 
_ eaſily fluxed from their ores. 


The earth in a little time after 
the deluge, and long before it could 


have been peopled by the poſterity 
of Noah, muſt have become covered 
with wood; the moſt obvious me- 
thod of clearing a country of its 


wood, 1s the ſetting it on fire: now 


in moſt mineral countries there are 
veins. of metallic ores, which lie 


Con- 


/ 


E ) 
contiguous to the ſurface of the 
earth, and theſe having been fluxed 
whilſt the woods growing over them 
were on fire, probably, ſuggeſted to 
many nations the firſt idea of ſmelt- 
ing ores. 

— Pow'rful gold firſt raiſed his head, 
And braſs, and filver, and ignoble lead, 
When ſhady woods, on lofty mountains grown, 
Felt ſcorching fires ; + whether from thunder 


thrown, 
Or elſe 2 man's gn the flames aroſe. 


Whatever "twas that 3 theſe flames their 
1 5 
Which burnt the tow ering trees and ſeorch'd 
the earth, 
Hot ſtreams of Aer, gold, and lead, and ba | 1 
„„ 9 
As nature gave a hollow proper place, _ 
Deſcended down, and form'd -a glitt'ring | 
mals *.,-. | | | 1 
| R 3 CV 
* Lucretius by Creech, Vol. II. p. 572. = 
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There is no natural abſurdity in | 


this notion of the poet ; and indeed 


it is confirmed by the teſtimony of 
various ancient hiſtorians, who ſpeak 


of ſilver and other metals being 
melted out of the earth, during the 
burning of the woods upon the Ap 
and the Pyrenees. A ſimilar circum- 


ſtance is ſaid to have happened in 


Croatia in the year 1761; a large 


maſs of a mixed metal, compoſed of 
copper, iron, tin and ſilver, having 


been fluxed, during the conflagra- 
tion of a wood, which was acciden- 


rally ſet on fire.“ 


The putting a quantity of ore up- 
on a heap of wood, and ſetting the 


pile on fire, in conformity to the 
manner in which ores were melted 
during the burning of foreſts, was, 


11 


Annual Regiſter, 1761, p. 138. 
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it may be conjectured, the firſt rude 


proceſs by which metals were ex- 
trated from their ores. But as the 
force of fire is greatly diminiſhed, 
when the flame is ſuffered to expand 
itſelf, and as the air acts more forci- 
bly in exciting fire, when it ruſhes 


upon it with greater velocity, it is 


likely, that the heap of wood and 
ore would ſoon be ſurrounded with 
a wall of ſtone, in which ſufficient 
openings would be left for the en- 
trance of the air, and thus a kind of 
furnace would be conſtructed. The 
Peruvians, we are told, © had diſcover- 
ed the art of ſmelting and refining 


filver, either by the ſimple applica- 


tion of fire, or where the ore was 
more ſtubborn and impregnated with 


foreign ſubſtances, by placing it ia 
ſmall ovens or furnaces on high 
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grounds, fo artificially conſtrued: | 
that the draught of air performed | 


the function of a bellows, a machine 
with which they were totally unac- 
quainted,” * 

This method of ſmelting ores on 


high grounds, without the aſſiſtance 


of a bellows, at leaſt of a bellows 
moved by water, ſeems to have been 
formerly practiſed in other countries 


as well as in Peru. When M. Belen 
travelled into Greece, he found the 


furnaces placed on the ſides of ri- 
vulets, and obſerves, that all their 
bellows played with wheels turned 
by ſtreams of water, yet formerly 
they had ſmelted their ores in a dit- 
ferent manner : for upon the moun- 
7 5 tains 


* Robertſon's Hiſt. of America.—Alonſo L 


| Barba, Treatiſe of Metals, French Tranflation, 
| Vol. J. P · 272% 


| 8 


been wrought in the time of Pbilip 


the father of Alexander, great heaps 


of ſlag have been diſcovered, which 
are ſituated ſo far above any river of 
the country, that the furnaces from 
which they were formed, muſt, pro- 
bably, have been wrought by the 
wind, There are ſeveral places in 
Derbyſhire called Boles by the inha- 


bitants, where lead has been ancient- 


ly ſmelted, before the invention of 
moving bellows by water. Theſe 
places are diſcovered by the ſlags of 
lead, which are found near them; 
there is no certain tradition concern- 


ing the manner in which the ore 


vas ſmelted at theſe boles, it was, 
probably, as fimple as that of the 


Peruvians; for in Derbyſhire, as well 
as in Peru, they ſeem chiefly to have 


relied 


tains of. Macedonia, where mines had 
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relied upon the ſtrength of the wind 
for the ſucceſs of the operation; the 


boles being always fituated upon high 


grounds, and moſtly upon that ſide 


of a hill, which faces the weſt. This 
fituation was not fixed upon with- 
out deſign, ſince the wind blows in 


England, in the courſe of a year, 


near twice as many days from that 
quarter as from any other.“ A me- 
thod is mentioned by Erckern & of 
ſmelting biſmuth ore by the wind, 
and it ſeems as if the ore of lead 
might have been ſmelted at thele 


boles, 


* As may appear from the following 


abridged ſtate of the winds at London in the 


years 1774 and 1775. 


NIS IE | W [NW|SE-JNE| SW| 
1774 4. 1 342 74 1 261]dys 
1776122; 21 11 1640392 32407 TOE: . 


Philoſ. Tranſ. 1574—5. 


+ Sce Fleta Minor, by Sir John Pettus 
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„ 
boles, after the ſme manner. This 
method conſiſts in putting the biſ- 
muth ore, when beat to a proper 
ſize, into ſmall flat iron pans, theſe 
are ſet in a row contiguous to each 
other, in an open place, and when 
there is a ſtrong wind, a fire of dry 
wood is made cloſe to the pans, and 
on that ſide of them from which the 
wind blows; by this contrivance, the 
u wind driving down the flame of the 
wood upon the pans, the ore con- 
tained in them is quickly melted. 
A pig of lead was dug up at one of # 
the boles in the year 1766 on Crom 4 
ferd moor near Matlock; upon its un- 1 
der ſurface there is an inſcription in = 
relievo, from which it appears to 
have been ſmelted in the age of the 
Emperor Adrian; it is not very dif- 
ferent in ſhape from the pigs which 
3 are 
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thickneſſes, and there is an irregular 


hole in it running from the top to 
near the middle of its ſubſtance; 


from theſe appearances it ſeems as if 


it had been formed by pouring into 


a mould, at different times, ſeveral 


quantities of lead; and if lead had 
been ſmelted after the manner before 


mentioned of ſmelting biſmuth ore, 
the ſeveral pans being emptied, at 


different times as they became ready, 
into the ſame mould, would have 


yielded a maſs of lead divided into 


layers of unequal thickneſſes, and 
_ reſembling this Roman pig; for the 
hole in its ſurface was, probably, 


made accidentally, from the unequal 
cooling of the lead, or from ſome 


extraneous matter being lodged | init. 
The 


are caſt at preſent ; it conſiſts of ſe: 
veral horizontal layers of unequal 


1 * * — — 4 b_ pos) 
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The boles in Derbyſhire are, pro- 
bably, many of them of high anti- 


quity, as appears from the pig of 


lead before mentioned; yet I. have 
met with a paſſage in a writer of the 


laſt century, from which it is evident, 


that the method of ſmelting lead on 


high grounds was then practiſed in 
the Peak. The lead-ſtones in the 


Peak lie but juſt within the ground 
next to the upper cruſt of the earth. 


They melt the lead upon the top of 


the hills that lie open to the weſt 


wind; making their fires to melt it 


as ſoon as the weſt wind begins to 
blow; which wind by long experi- 


ence they find holds longeſt of all 


others. But, for what reaſon I know 


not, ſince I ſhould think lead were 
the eaſieſt. of all metals to melt, 
they 


6 


they make their fires extraordinary 
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The ſmelting of ore by the varia- 
ble and uncertain action of the wind, 
muſt have been a troubleſome pro- 
ecfs, It has therefore been univer- 
fally diſuſed; and the more regular 
blaſt of a bellows has been intro- 
duced in its ſtead, The invention of 
the bellows is attributed by Strabo to 
Anacharſis the Scythian: + but it is 
more probable, that he was the in- 

ventor- of ſome improvement of this 
machine, than of the machine itſelf; 
for Homer, who lived long before the 
age of Anacharfis, deſcribes Vulcan as 
employing twenty pair of bellows at 


once, in the formation of Achilles's 


ſhield, 


* Childrey's Britan, Bacon, 1661. 
1 Strab. Geog, Lib. VII. 


1 
thield, * It is difficult to ſay when 
the art of moving bellows, by means 
of a water wheel, was firſt diſcovered ; 
it is pretty certain, that the ancients 


did not know it; and that it was 


very generally known, amongſt the 
Germans at leaſt, in the time of 


Agricola, one of the firſt of our 


merallurgic writers, for he ſpeaks of 
it in ſeveral places without any hint 


of its being a recent invention, + 
The heat of the fire in a furnace de- 


pending much upon the force of the 
blaſt of air impelled againſt the fuel; 

and that force, other circumſtances 
remaining the ſame, being in pro- 


portion to the quantity and velocity 
of the air; the e of a r 
able 


+ liad. Lib, XVII. v. 5 
+ Agric. de Re Metal. publiſhed 1 mn 1550, 
5. 105, 338. 


mi 
* 
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ee 
able ſuddenly to eompreſs the largeſt 
bellows when ſwelled with air, could 


not fail of being conſidered by me- 


tallurgiſts, as an invention, whenever 
it was made, of the laſt importance. 
The moderns accordingly have, in 
many inſtances, worked over again, 


with conſiderable profit, the heaps of 


won and other kinds of flag, from 
which the metal had been but in- 


perfectly extracted, before the mov- 


ing of bellows by. water was diſco- 
vered. 

It is not fifty years ſiace the af 
N or bearth furnace, was the only one 
in uſe for ſmelting lead ore in Der- 
 byſhire. In this furnace ore and 
charcoal, or ore and what they call 
white coal, which i is wood dried but 
not charred, being placed in alter- 


nate layers, upon a hearth properly 


(0 273 ) 
: conſtructed, the fire is raiſed by the 
blaſt of a bellows, moved by a 
water wheel; the ore is ſoon ſmelt- 
ed by the violence of the fire, and 
the lead as it is produced trickles 
down a proper channel, into a place 
contrived for its reception. There 
are not at preſent, I believe, above 
one or two of theſe ore hearths in the 
whole county of Derby; this kind 
of furnace, however, is not likety 
eo go entirely out of uſe, ſince it is 
n applied to the extracting 
lead from the flag which is produc- 
ed, either at the ore hearth, or the 
eupola furnace, and it is then called 
1 ſlag hearth ; and the lead thus ob- 
tained is called fag lead: the fire in 
a ſlag hearth is made of the cinder of 
piteoal inſtead of charcoal. 
The furnace called a capo! or cu- +... 
TERS. OL 


„ 
ola, in which ores are ſmelted by 
the flame of pitcoal, is ſaid to have 
been invented about the year 1698, 
by a phyſician named ©right*, 
though Beccher may, perhaps, be 
thought to have a prior claim to its | 
invention or introduction from Ger- 
many f. But whoever was the firſt 
inventor of the cupola, it is now in 
general uſe, not only in Derbyſhire 
and other counties, for the ſmelting 
of the eres of lead, but both at home 
and abroad, where it is called the 
Engliſh furnace, for the ſmelting of 
copper ores. This furnace is ſo 
contri ved, that the ore is melted, not 
by coming into immediate contact 
with the fuel, but by the reverbe- 
ration of the flame upon it. The 
bottom of the furnace on which the 
| | lead 


* Effais des Mines, Vol. II. p. 114. 


A 
lead ore is placed, is ſomewhat con- 
cave, ſhelving from the ſides towards 
the middle; its roof is low and arch- 
ed, reſembling the roof of a biker's 
oven; the fire is placed at one end 
of the furnace, upon an iron grate, 
to the bottom of which the air has 
free acceſs; at the other end oppo- 1 
lite to the fire- place, is a high per- 
pendicular chimney; the direction 
of the flame, when all the apertures 
in the ſides of the furnace are cloſed 
up, is neceſſarily determined, by 
the ſtream of air which enters at the 
.grate, towards the chimney, and in | 
trending thither it ſtrikes upon the l 
-roof of the furnace, and being re- 
verberated from thence upon the 
ore, it ſoon melts it, 1 

It is not always an eaſy matter to a 
meet with a current of water ſuffi- 1 
1 8 2 cient 1 


1 
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cient to move the bellows required 
in ſmelting on an hearth furnace; 
and to carry the ore from the mine 
where it is dug to a conſiderable 
diſtance to be ſmelted, is attended 
with great expence; this expence is 
ſaved by. ſmelting in the cupola 


furnace, which not requiring the 


uſe of bellows, may be conſtructed 
any where. Wood is very ſcarce in 
every mining county in. England "8 
and though pitcoal . coſts ten or 
twelve ſhillings - a ton in Derby- 
ſhire, yet they can ſmelt a definite 
quantity of ore in the cupola, at a 
far leſs expence by means of pit- 
coal, than of wood. — The flame 
which plays upon the ſurface of the 
ore and ſmelts it in a cupola fur- 
nace, is not driven againſt it with 
much violence; by this means 


OY 7 
ſmall particles of ore, called Se- 
land, may be ſmelted in a cupola 
furnace with great convenience, 


which would be driven away, if 
expoſed to the fierce blaſt of a 


pair of bellows in a hearth furnace. 


— Theſe are ſome of the advantages 


attending the uſe of a cupola in pre- 


ference to a hearth furnace; and to 
theſe may be added one ſuperior to 
all the reſt, — the preſervation of 


the workmen's lives; the noxious 


particles of lead are carried up the 
chimney in a cupola, whilſt they are 
driven in the face of the hearth 4 
| ſhelter at every blaft of the beHows. 


They generally put into the. cu- 
pola furnace a ton of ore, previouſly 
beat ſmall -and properly dreſſed, -ar 


one time; this quantity they calln 


charge; if the ore is very poor in lead, 
My put in ſomewhat more, and they 
| . Vork. 
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work off three charges of ore i; 
every twenty-four hours. In about 
fix hours from the time of charg- 
ing the ore becomes as fluid as 
milk. Before the ore becomes fluid, 
and even whilſt it continues in 2 
ſtate of - fuſion, a conſiderable por- 
tion of its weight is carried off 
through the chimney ; what remains 
in the furnace conſiſts of two dif- 
ferent ſubſtances, —of the lead, for 
the obtaining of which the proceſs | 
was commenced, — and of the flag | 
or ſcoria. The proportion between. 
theſe parts is not always the 
fame, even in the ſame kind of 
ore; it depending much upon the 
management of the fire, The lead, 
being heavier than the flag, links 
through it as it is formed, and ſet- | 
tles into the concavity of the bot- 
ꝛom of the furnace. The pure lg, 
| ACC0: d. 
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according to the idea here given, is 
that part of the ore of lead which 18 
neither driven off by the heat of the 
furnace, nor changed into lead. In 
order to obtain the lead free from 
the flag which fwims over it, the 
ſmelters uſually throw in about a 
buſhel of lime; not, as is uſually 
ſuppoſed, in order to contribute to- 
wards the more perfect fuſion of the 
ore, but to dry up the ſlag which 
floats upon the ſurface of the lead, 
and which, being as liquid as lead, 
might otherwiſe flow out along 
with it. The flag being thus thick- 
ened by an admixture of lime, is 
raked up towards the ſides. of the 
furnace, and the lead is left at the 
bottom. There is a hole in one of the 
fides of the furnace, which is pro- 
perly ſtopped during the {ſmelting 
„„ | ot 
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of the ore; when the lag is raked 


; { 
off, this hole is opened, and being - 
ſituated lower than the lead in the . 
furnace, the lead guſhes through it f 

into an iron pot placed contiguous tl 
to the ſide of the furnace; from this t 


pot it 15 laded into iron moulds, each 
containing what they cal} .a pig of 
lead; the pigs, when cold, being or- 
dinarily ſtamped with the maker's 
name, are ſold under the name of or: 
lead. After the lead has all flowed 
out of the furnace, they ſtop up the 
tap hole, and drawing down the, 
flag and lime into the middle of the 
furnace, they raiſe the fire tilt the 
mixture of flag and. lime, which 
they ſimply term ſlag, is rendered 85 
very liquid; upon this liquid maſs, 
they throw another quantity of 
lime to en it up as in the former 
Part 


i 
part of the proceſs. This ſecond | 
mixture of ſlag and lime is then 
raked our of the furnace, and the 
ſmall portion of lead ſeparated from 
the fuſion- of - the firſt, generally, to 
the amount of twenty or thirty 
pounds, being let out of the for- 
nace, a new charge of ore is put in, 
and the operation re- commenced. 
la order to ſpare the lime, and the 
expence of fuel attending the flux- 
ing of the mixture of lime and ſlag, . 
they have in. ſome. furnaces lately 
contrived a hole, through which 
they ſuffer the main part of the li- 
quid flag to flow out, before they 
tap the furnace for the lead; upon 
the little remaining ſlag they throw 
a ſmal] portion of lime, and draw 
the mixture out of the furnace 
without ſmelting it. This kind of 
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furnace they have nick - named | 
Maccaroni. 

The proceſs of ſmelting here de. 
ſcribed, appears to be defective in 1 1 
ſome points, which I will take the I , 
liberty to mention, and at the ſame I] ;j 
time ſuggeſt the means of improve- v 
ment; without, however, preſuming Y 
to ſay, how far it may be expedient I y 
to adopt the propoſed alterations; f ſn 
being ſenſible that what may appear Y 1 


very feaſible in theory, or may even MY fu 
anſwer in ſmall afiays, may not be | 2 
practicable in large works. 0 


The firſt alteration which I would v. 
propoſe to the conſideration of the ni 
lead ſmelters, is to ſubſtitute an ho- £ 
rizontal chimney of two or thite 


Fa 
hundred yards in length, in the to 
place of the perpendicular one now w. 
in uſe, In the preceding Eſſ, ve 


Which 


| SI x 
which was firſt publiſhed in 1778, 
mention is made of the probability 
of ſaving a large quantity of ſub- 
limed lead, by making the ſmoke 
which riſes from the ore paſs 


through an horizontal chimney, 
with various windings to condenſe 


the vapour. I have ſince converſed 
with ſome of the principal lead- 


ſmelters in Derbyſhire, and find that 


I had-over-rated the quantity of this 
ſublimed lead; the weight of the 
ſcoria from a ton of ore, amounting 
to more than I had ſuppoſed; they 


were all of them, however, of opi- 


nion, that the plan I had propoſed 
for ſaving the ſublimate, was a very 
rational one. But fo difficult is it 
to wean artiſts from their ancient 
ways of operating, that I queſtion 
very much whether any of them 

Te would: 


7m) 
would ever have adopted the plan 


they approved, if an horizontal | 


chimney, which was built a little = 
time ago in Middleton dale, for a  - 
; 3 | : It. 
quite different purpoſe, had not 
8 cc 
given them a ſull proof of the 1 
practicability of ſaving the ſubli- 7% 
mate of lead, which is loſt in the f | 
ordinary method of ſmelting. This | n 
chimney was built on the ſide of an 
8 GS | an 
hill to prevent ſome adjoining paſ- £ 
tures from being injured by the F 


ſmoke of the furnace. It not only ©} 
anſwers that end, but it is found oF 
alſo to collect conſiderable quanti- 
ties of the lead, which is ſublimed 
during the melting of the ore; a) 
this ſublimed lead is- of a whitiſh | 


caſt, and is. ſold to the painters at | A 
ten or twelve pounds a ton; it 


might perhaps be converted into red 
lead with ſtill more profit. 


5 


— 


a 
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A ſecond circumſtance to be at- 


tended to in the ſmelting of lead ore, 
is the ſaving the ſulphur contained in 


The pure lead ore of Derbyſhire 


contains between an eighth and a 
ninth part of its weight of ſulphur; 
but as the ore which is ſmelted is 
never pure, being mixed with par- 


ticles of ſpar, cawk, limeſtone, brazil, 
and other ſubſtances, which the mi- 
ners call deads, we ſhall be high 
enough in our ſuppoſition, if we ſay 
that the ordinary ore contains a tenth. 
of its weight of ſulphur; it may not, 


probably, contain ſo much, but 


even a twelfth part, could it be col- . 


lected at a ſmall expence, would be 


an object of great importance to the 
ſmelter. In the common method of 


melting lead ore there is no ap- 


pearance of the ſulphur it contains, 
ir 


1 
it is conſumed by the flame of the 
furnace, as ſoon as it is ſeparated e 
from the ore; an attentive obſerver e 
may, indeed, by looking into the 


furnace, diſtinguiſh a diverſity in the f 
colour of the flame, at different pe- t 
riods of the proceſs; during the firſt t 
three or four hours after the ore is i 

put into the furnace, the flame hs : 


a bluiſh tint, proceeding no doubt 1 
From the fulphur which, in being 


: 
ſublimed from the ore, is inflamed: : 
after all the ſulphur is ſeparated MY . 
from the ore, the flame has a whit- r: 
iſn caſt, and then, and not before, n 
the fire may be raiſed for finiſhing M |, 
the operation; for if the fire be made 2 
ſtrong before the ſulphur be diſperl- 

ed, the quantity of lead is leſs, pro- WM . 

bably, for two reaſons; the ſulphur 0 
unites itſelf in part to the lead which i 


18 


0 
is formed, and by this union be- 


comes inſeparable from it; for the 
ſulphur cannot without much diffi- 


culty be ſeparated from an artificial 
mixture of lead and ſulphur, when 
the two ingredients have been fuſed 
together, — 2. The ſulphur, whilſt 
it continues united to the lead in 


the natural ore, renders the ore vo- 


latile, ſo that in a ſtrong heat a great 
portion of it is driven off. Hence, 


very ſulphureous ores ſhould be 
roaſted for a long time with a gen- 


tle heat, and in this proper manage- 
ment of the fire, principally conſiſts 


the ſuperiority of one ſmelter above 
another, 


An old lead ſmelter ad me 
that he had often reduced a ton of 
ore to 16 hundred weight by roaſt- 
ing it, but that he did not obtain 

more 50 
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more metal from it by a ſubſequent 
fuſion, than if he had fluxed it with- 
out a previous roaſting. This may 


be true of ſome ſorts of ore, but it 


is not true of very ſulphureous ores. 
Indeed the fire may be ſo regulate 
in a cupola furnace, as to make it 


anſwer the purpoſe of a roaſting and | 


a ſmelting furnace at the ſame time. 
J have ſeen much lead loſt by {mclr- 
ing a ton of ſulphureous ore in eight 


hours, which might have been ſaved, 


if the fire had at firſt been kept ſo 


gentle as to have allowed twelve 


hours for finiſhing the operation. 
Sulphur cannot be ſeparated from 
lead ore in cloſe veſſels, and the lead 
ore melts with ſo ſmall a degree of 
heat, that there may be more ditfi- 


culty in procuring the ſulphur from 


ehe ores of lead, than from thoſe of 
5 coppeè: 


fre 


te! 


1 

copper or iron, however, I am far 
from thinking the matter impracti- 
cable, though | have not yet hit up- 
on the method of doing it; and the 
following reflections may, perhaps, 
tend to ſuperſede the neceſſity of 
collecting the ſulphur in ſubſtance. 

When it is ſaid that the ſulphur is 
conſumed by the flame of the fur- 
nace as ſoon as it is ſeparated from 
the ore, the reader will pleaſe to re- 
collect, that ſulphur conſiſts of two 
parts, — of an inflammable part, 
by which it is rendered combuſtible, 

— and of an acid part, which is ſet 
at liberty, in the form of vapour, 
during the burning of the ſulphur. 
Now this acid, though it may be 
Given out of the furnace in th 
lorm ol a vapour, yet it is incapable 
of being g thereby decompoſed; it till 

VOL. III. 'L con- 
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continues to be an acid; and, could 
the vapour be condenſed, might an- 
ſwer all the ſame purpoſes as the 
acid of vitriol; ſince all the acid of 
vitriol, now uſed in commerce, is 
actually procured from the burning 
of ſulphur. That the fact, with 
reſpect to the acid not being decom- 
poſed, is as J have ſtated it, may be 
readily proved. The ſmoke which 
iſſues out of the chimacy for ſome 
hours after each freſh charge of ore, 
has a ſuffocating ſmell, perfectly re- 
ſembling the ſmell of burning brim- 
ſtone ; and if a wet cloth, or a wet 


hand, be held in it for a very ſhort | 
ſpace of tine, and afterwards appli- | | 
ed to the tongue, a ſtrong acid will | 
be ſcuſibly perceived. Various me- MM 
thods may be invented for condenſ- 
ing this acid vapour, and, probably, , 


more 
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more commodious than the follow- 
ing one, which, however, I will Juſt. 
take the liberty of mentioning, as, 
if it ſhould not ſucceed, the trial will 
be attended with very little expence, 

Suppoſing then an horizontal 
chimney to be built, let the end far- 
theſt from the fire be turned up by 
a tube of earthen ware, or otherwiſe, 
ſo that the ſulphureous acid may 
ifſue out in a direction parallel to the 
fue of the chimney, and at the dif- 
tance of about a foot and an half 


above it. Let a number of large 


globular veſſels be made of either 
glaſs or lead, each of theſe globes 
muſt have two necks ſo as to be 
capable of being inſerted into one 
another; let theſe veſſels be placed 
on the flue of the chimney, the 
neck of the firſt being inſerted into 
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the tube through which we haye 
ſuppoſed the ſulphureous acid to 
iſſue, and the neck of the laſt being 
left open, for fear of injuring the 
draught of the furnace. Let each of 
theſe globular veſſels contain a ſmall 
quantity of water, then it is con— 
ceived, that the heat of the flue will 
raiſe the water into vapour, and that 
this watery vapour will be the means 
of condenſing the ſulphureous acid 
vapour, if not wholly, at leaſt in 
ſuch a degree as may render the un- 
dertaking profitable. When the iul- | 
phur 1 is all conſumed, the draught 

of the furnace may be ſuffered to 

have its ordinary exit at the end of 


the horizontal chimney, by a very 
light contrivance of a moveable 
damper. Since the firſt publication 
ol the preceding Eſſay, I have ſcen 

1 an 
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an horizontal chimney at the copper 
works near Liverpool, where every 
thing I had ſaid concerning the pro- 
bability of ſaving ſulphur by roaſt- 
ing lead ore, is veriſied with reſpect 
to copper ore; and I believe a patent 
has been granted to ſome individual 
for this mode of collecting ſulphur. 
Sulphur might be obtained with 
equal facility from the pyrites which 
is found amongſt coal, and this ap- 
plication of the pyrites might, pro- 
bably, be more lucrative than the 
preſent one making green vitriol *, 
A third circumſtance, which re- 
quires the utmoſt care of the lead 
melter, is the leaving as little lead 
as poſſible in the ſlag. Near every 
ſmeltii g-houſe there are thouſands 
of tons of flag, which, when properly 
T2 allayed, 
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aſſayed, are found to yield from one 
eighth to one tenth of their weight 
of lead; though no perion has yet 
diſcovered a method of extracting 
fo much from them when ſmelted 
in large quantities; and indeed the 
 Tmelters are ſo little able to obtain 
all the lead contained in them, that 
in many places they never attempt 
to extract any part of it: in ſome 
places where they do attempt it, I 
have known the proprietor of the 
flag allow the ſmelters 20 8. for every 
pig of lead they procured of the va- 
lue of 38s. beſides furniſhing them 
with fuel: and yet the men employ- 
ed in ſuch an unwholeſome buſineſs, 
ſeldom made above 78. a week of 
their labour. This fuſion cf the 
ſlag of a cupola furnace is made, as 
has been mentioned, at a hearth fur- 
. 3 nace; 


by 


— ANY 


„ 
nace; the coal cinder, which they uſe 
as fuel, and the ſlag, are ſoon melted 
by the ſtrong blait of the bellows 
into a black maſs, which, when the 
fire is very ſtrong, becomes a perfect 
olaſs; this black maſs, even in its 
moſt liquid ſtate, is very tenacious, 
and hinders many of the particles of 
lead from ſubſiding, and it being 
from time to time removed from the 
furnace, a conſiderable quantity of 
lead is left in it, and thereby loſt. 
A principal part of the lead con- 
tained in the ſlag of the cupola fur- 
nace, is not, I apprehend, in the 
form of a metal, but in the form of a 
litharge or calcined lead: a portion 
of the lead, in being ſmelted from its 
ore, is calcined by the violence of 
the fire; this calcined lead is not 
only very vitrifiable of itfelf, but ir 

ho e helps 


„ 
helps to vitrify the ſpar which is 
mixed with the ore, and thus conſti- 
tutes the liquid ſcoria; might it not 
be uſeful to throw a quantity of char- 
coal duſt upon the liquid ſcoria in 
the cupola furnace, in order that the 
calcined lead might be converted 
into lead, by uniting itſelf to the 
inflammable principle of the char- 
coal? — Iron will not unite with 
lead, but it readily unites with ſul- 
Phur, and, when added to a mixture 
of lead and ſulphur, it will abſorb 
the ſulphur, leaving the lead in its 
metallic form; might it not be uſe- 
ful to flux ſulphureous lead ores in 
conjunction with the ſcales or other 
refuſe pieces of iron, or even with 
ſome ſorts of iron ore? — The 


ſmplter's great care ſhould be to ex- 
tract as much lead as poſſible at the 
Cad no 


* 
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firſt operation of ſmelting the ore, 
and to leave the ſlag as poor as pol- 
ſible; but if he ſhould ſtill find either 
tne ſlag of the cupola furnace, or 
that of the hearth furnace, contain- 
ing much lead (as that even of the 


hearth furnace certainly does), he 


may, perhaps, find it worth his while 
to reduce the flag into a powder by 


a ſtamping mill, or by laying it in 
highways to be ground by the carts, 


or by ſome other contrivance, and 
then he may ſcnarate the ſtony part 
of the Nag from the metallic, by 
waſning the Whole in water, inalmuck 


as the metallic part is far heavier 


than the other. 

J eſtimated the weights of f ſeveral 
pieces of flag, and found them to 
differ very much from each other; 


at- 
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attributed to the different quantities 


of lead left in them. 


Weight of a cubie foot of 
| Avoir. oz. 
Slag from a cupola wack, where 
no lime was uſed - b 3742 
Black flag from a heath "Eg 3652 
Another piece = - 1 55 | 
Black flag from tnather hearth fur- 
nace---ſtruck fire with ſteel = *} 337 
Black glaſs flag = - 


This may not be an 3 
place to add a word or two concern- 
ing the Derbyſhire Toadſtone, which 
conſtitutes one of the principal ſtrata 
in the mining country *, and which 
is ſuppoſed to have been in its origin 
a Jag thrown out by a velcand. It 


perſectly reſembles ſome of che ſpe- 


cimens, I have ſeen, of one of the 
ſorts of the lava of Veſuvins, not : only 
7 1 


See Vol. II. P, 206. | 


4 


4 9 
in the hardneſs of its texture, and 
blackneſs of its colour, but in its 
eight; a cubic foot of ſome ſorts. 
of Derbyſhire toadftone weighing 
more, and of other leſs than a cubic 
foot of the Veſuvian lava, which it 


reſembles. The ſtreets of London 


have ſome of them been paved, of 


late years, with a /0ad/tone from Scot- 
land, of the ſame nature as the Der- 


byſhire toadſtone ; and the ſtreets of - 
Naples have for many centuries paſt 


been paved with the lava from Ve- 


ſuvius which reſembles toaditone. 


Neither the Derbyſhire toadſtone, 


nor that ſort of Veſuvian lava which 
reſemblesit, ſeem to have e: cperienced 
in their formation any great degree 


of heat; they are but in a half vitri- 


tied ſtate: the toadſtone I have fre- 
duearly melted in a ſmith's forge 
into 
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into a black glaſs, and the Veſuvian 
lava gives a glaſs of the ſame kind. 


The air has a manifeſt action upon 


the Derbyſhire toadſtone, for it not 
only waſtes away the ſpar which is 
found in the blebs of ſome ſorts of 
toadſtone, but it reduces into a 


browniſh mould, fit for vegetation, |} 


the moſt hard and compact ſorts ; 
the Veſuvian lava is ſubje& to the 
ſame change from the operation of. 


the ſame cauſe. 


Og of a cubic foot of 
| | Avoir, oz. 
Toadſtone kand and free from blebs 2884 
Veſuvian lava reſembling toadſtone 2865 
Iron flag, a greeniſh glaſs - - - 2843 
Iron flag, a browniſh glass 2729 
Iceland cryſtal—Mr. Cotes 2720 
Toadſtone, decaying - = = - - 20680 
Another pierre 2662 
Another piece 2358 


ESSAY 


or SILVER EXTRACTED FROM LEAD, 


E have no ſilver mines, pro- 


perly ſpeaking, in Great Bri- 


ain, but we have plenty of lead, 
from which filver is, in ſome places, 
extracted with much profit, If the 


method of doing this had been known 


to the ancient Britons, it might have 
freed our country from the reproach” 


of Cicero, who tells his friend Atticus, 
that there was not a ſcruple of ſilver 
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den 
in the whole iſland“; and in another 
place, he ſays, that he had heard 
there was neither gold nor ſilver in 
Britain T. The Romans had a very 


imperfect knowledge of this country 
in the time of Cicero, ſo that his ac- 


count of the matter may not, per- 
haps, deſerve to be much relied on; 
wie are certain, at leaſt, that about 


fifty or ſixty years afterwards, both 


gold and ſilver were reckoned by 


| Strabo amongſt the products of Bri- 


Zain Þ ; hence, if the Britons did not 
underſtand the art of extracting ſil- 


ver from lead at the firſt invaſion of 


the 


* — etiam illud 5 jam cognitum eſt, ne= 


que argenti {crupulum eſſe ullum in illa infula 


(Britann.) Epiſt, ad Att. L. IV. E. XVII. 
1 Epiſt. Fam. L. VII. E. VII. 
1 K. IV. p. 305.— See alſo Tacitus 's Liſe 
of 1 


the Romans, they ſoon learned it 
from their conquerors; and this be- 
comes more probable, if it be ad- 

mitted, that ſilver was coined in Bri- 
tain in the time of Auguſtus. 

Silver is ſo commonly contained in 
lead, that it is eſteemed a very great 
curioſity to meet with lead which is 

intirely free from it: it has even been 
aſſerted, that there is no lead in the 
World, except that of Villach in Ca- 
| 7inthia, which does not contain ſil- 
ver +. | 
The more ancient alchemiſts, not 

knowing, probably, that filver was "Fl 

ſo generally contained in lead, and "8 
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Sir John Pettus Fod Reg. 
+ Il n'y a point de plomb au monde, hor- 
mis celui de Villach, que ne contient de l 
argent. Lehman ſur les Mines, Vol. I. p. 
174.—8ee alſo Philoſ. Tranſ. for 1665, p. 
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pet obſerving that lead, when treated 
according to their proceſſes, often 
gave a portion of ſilver, were of 
opinion, that they could convert lead 
into ſilver *. This was an eaſy miſtake, 
and if they had obtained a portion of 
gold, they would, no doubt, have 
concluded, that they had tranſmuted 
the lead into gold; ſince there is no 
metal, perhaps, which does not con- 
Zain a ſmall quantity of gold, or from 
which gold may not be enen, by 
long calcination, 

Lifter had long ago obſerved, that 
all the Engliſh lead contained f1lver 
and he ſpeaks as having, by his own 
experiments, proved the exiſtence of 
ſilver in the lead of at leaſt thirty 
different mines Þ ; Nor has any per- 

ſon 

* Gebri Chem. L. I. C. XIx. 

+ Litter de Fontibus, Cap. II. S. 9, 10. 


($7 )-- 
fon ſince his time, found lead wholly 
free from ſilver. The Derbyſoire lead 


has been ſaid to contain two grains 


of filver in a pound of lead “. 
Every general obſervation of this 
kind is liable to much contravention 


from particular facts; becauſe the 


quantity of ſilver contained in lead, 
i; not only different according as the 


lead is fluxed from the ore of differ- 


ent mines, but it is very poſſible in 
an aſſay of the ore of the ſame mine, 
o meet with one piece of ore which 
ſhall afford a lead yielding eight or 
ten times as much ſilver as another 
piece would do. This diverſity ariſes 


from the ore itſelf being variable in 


quality in different parts of the ſame 


mine ; and even different lumps of 


ore, though Contiguous co N other, 
will 
* Oper. Min, Explicata, p N 26 53. 
vor. 111. N 
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will often yield very different quan- | 


tities of ſilver, from the fame quan- 
tity of lead. This obſervation may 
explain the reaſon of the very oppo- 
ſite teſtimonies, which have been 


ſometimes given in courts of juſtice, | 
concerning the richneſs of a mine 


from particular aſſays; the plaintiffs 


and defendants, where the iſſue to | 
de tried was the quantity of ſilver, | 
having been ſeverally intereſted in | 
getting the beſt and the worſt pieces | 
of ore aſſayed, in order to ſupport | 
their reſpective claims. There was 2 
notable inſtance of this with reſped | 
to the lead mine of E, kyr-kyr inf 
Cardiganſpire, which was diſcovered} 
in 1690. The law at that time ad- 
judged every mine to be a royal min: 
the metal of which contained enough 
of gold or ſilver to compenſate the 

i charges 


j 


Ir js not to be expected that the pro- 


(6357 0 
charges of refining, and the loſs of 
the baſer metal in which they were 
contained. In conſequence of this 
law, the patentees of royal mines 
laid claim to the mine of Ef- Hr- Ayr 
which was rich in ſilver, and they 
produced proof in Meſiminſter- Hall, 
that the lead of that mine contained 
to the value of ſixty pounds. of filyer 
in every ton ; whilſt the proprietor : 
produced proof, that it only contain- 
ed to the value of four Pk. of i 
ſilver in a ton “* MR 

I haye 3 informed by an in- 9 [ A 
telligent perſon, that there are ſome "WM 
lead ores in Great Britain, which. ü 
though very poor in lead, contain i 
between three and four hundred 
ounces of filver in a ton of the lead. 


| prietora 
* Some. Account of Mines, P32 7h 
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prietors of theſe, or of any other 
mines rich in ſilver, ſhould be for- 
ward in declaring to the world the 
quantity of filver which they con- 


tain, The proprietor indeed of a 


lead mine containing filver, may 
work the ſame, without any appre- 


henſion of its being taken from him, 


under the pretence of its being a 


royal mine; yet the crown, and per- 


ſons claiming under it, have the right 
of pre- emption, of all the ore which 
may be raiſed. There was an act of 
parliament paſſed in the ſixth year 
of William and Mary, intitled, —An 
act to prevent diſputes and contro- 
verſies concerning royal mines, — 
This act gave great quiet to the ſub- 
ject, by declaring, that every propr- 
etor of a mine of copper, tin, iron, 
or lead, ſhould continue in poſſeſſion 
e of 
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of the ſaid mine, notwithſtanding its 
being claimed as a royal mine, from 
its containing gold or ſilver: but it 
further enacted, that their majeſties, 
their heirs and ſucceſſors, and all 
claiming under them, ſhould have 
the privilege of purchaſing all the 
ore which ſhould be raiſed out of 
ſuch a mine, at the following prices; 
that is to ſay, paying for all ore 
waſhed, made clean, and merchant- 
able, wherein is copper, after the 
rate of ſixteen pounds a ton; for tin 
ore (except that raiſed in Devonſhire 
and Cornwall) forty ſhillings; for 
iron ore forty ſhillings; and for lead 
ore nine pounds a ton. This ſtand- 
ard price of nine pounds a ton for 
lead ore was, at the time it was fix- 
ed, much higher than the ordinary 
price of ore, in which there was no 

1 3 ſilver 


CC 
filver worth extracting; the beſt 
kind of Derbyfhire lead ore being, 
at preſent, generally worth no more 
than ſeven pounds a ton. It may 
deſerve, however, the confideration of | 
the legiſlature, whether the clauſe in 
the forementioned act, reſpecting the 
right of pre-emption, fhould not be 
wholly repealed; as there may be 
many lead mines in England very 
rich in ſilver, but which, on account 
of the difficulty of working them, 

cannot be entered upon with advan- 
tage whilſt this right ſubſiſts. At 
many lead mines, moreover, there 
are large quantities of ſteel- grained 
ore raiſed together with the ordinary 
ſort, now it generally happens that 
9 ite.1-grained ore is much richer 
in filver than the ordinary diced ore 
af eee and it might, if ſepa- 

i rated 


5 
rated from the reſt, be worked for 
filver ; but whether from an appre- 
henſion of the operation of the clauſe 
we are fpeaking of, or from mere 
Ignorance or inattention, all the fotts 
of ore are mixed and fmelted toge- 
mer. e 
Silver has formerly been extracted 
from lead in a great many places in 
this iſland. In the reign of Edward J. 
near 1600 pounds weight was ob- 
tained, in the courfe of three years, 

from a mine in Devonſbire, which had 
been diſcovered towards the begin- 
ning of his reign; this mine is called 
a ftlver mine by the old writers, but 
it appears to have been a mine of 
lead which contained ſilver ““. The 
Fr lead 

* Follinghe@s Chron. Vol. II. p. 376. 

Bee alſo, in the ſame author, a further geeount 
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lead mines in Cardiganſpire have at 
different periods afforded great quan- 
tities of ſilver: Sir Hugh Middle. 
ton is ſaid to have cleared from 
them two thouſand pounds a month *, 
and to have been enabled there- 
by to undertake the great work of 
bringing the new river from Ware to 
Tanks; and in alluſion, probably, 
to theſe two great circumſtances of 
his life, there are painted upon ſome 
of his pictures the two terms—fortes 
 —fodine, Theſe ſame mines yield- 
ed, 1a the time of the great rebellion, 
eighty ounces of ſilver out of every 
ton of lead, and part of the king's 
army was paid with this ſilver, which 
pres . was 
of ſilver extracted from the lead in Devonſhire 
and Cornwall in the time of Edward III. Po 


413. 
i Oper, Min. ele. p. 245. 


. 
was minted at SHretoſbury *. A mint 
for the coinage of Welch filver had 
before that time been eſtabliſhed in 
1637 at Aberyſtwith ; the indenture 
was granted to Thomas Buſhel for the 
coining of half- crowns, ſhillings, 
ſix-pences, two-pences, and pennies, 
and the monies were to be ſtamped 
with the oftrich feathers on both 
ſides +. In the year 1604 near three 
thouſand ounces of this Welſh bul- 
lion were minted, at one time, at the 
Tower 1. Webſter, in his Hiſtory of 
Metals, publiſhed in 1671, makes 
mention, from his own knowledge, 
of two places in Craven, in the weſt- 
riding of Yorkſhire, where formerly 
good ſilver ore (lead ore abounding 
in 


Sir J. Pettus, Eſſay on Metal. Works. 
f Rym. Fœd. Tom. XX. 164. | 
Some Account of Mines, p. 6, 
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in ſilver) had been gotten. One of 
the places was Brungbill moor in the 
pariſh of Slaidburn, the ore of which 
held about the value of ſixty- ſeven 
pounds of ſilver in a ton: the other | 
was Skelkorn field within the townſhip 
of Rimmington in the pariſh of Gi/- 
Burn; it had formerly belonged to 
one Pudſey, who is ſuppoſed to have | 
coined the ſilver he got out of his 
mine, there being many ſhillings 
in that country which the common 
” people called Pudſey's ſhillings *. | 
There 1s not at preſent any place 
in Derbyſhire where ſilver is extracted 
from lead. A work of this kind 
was eſtabliſhed a few years ago not 
far from Matlock, and the lead yield- 
ed fourteen ounces of filver from | 
ton; but the mine which afforded 
„ the 


® Webſter's Metal, p. 21. 
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the ore was ſoon exhauſted, or be- 
came too difficult to be worked with 
profit. Thete is a lead mine in 
Patterdale neat Kęſwioł, which yields 
between fifty and ſixty ounces of fil- 
ver from a ton of the lead: the ore of 
this mine is reckoned to be poor in 
lead; and indeed it is very common- 


ly obſerved, that the pooreſt lead 


ores yield the moſt filver, ſo that 


much filver is probably thrown away, 
for want of having the ores of the 


pooreſt fort properly aſſayed. 

The quantity of lead ſmelted an- 
nually in Derbyſhire, may be eſti- 
mated at 7, 500 tons upon an average; 
fifty years ago the average was, pro- 
bably, 10,000 tons a year, but we 
put it high enough in ſuppoſing it, 
at prefent, to amount to 7,500 tons: 
1 have never been able to get any 

555 Proper 
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| | 1 
proper information, concerning the 
quantity of lead annually ſmelted in 
other parts of Great Britain, but for 
the illuſtration of the ſubje& we 
are upon, let us ſuppoſe, that in the 


| Whole kingdom 30,000 tons of lead 


are annually ſmelted, and that at a 
medium each ton of lead would 
yield 12 ounces of ſilver ; then would 


there be, if all the lead was refined, | 


a ſaving of three ounces of ſilver 


from each ton of lead, or ninety thou- 


ſand ounces in the whole; our Eng- 
liſn workmen reckoning that nine 


ounces of ſilver are full adequate 


to the expence of refining a ton of 
lead, added to that of the lead 
which is loſt during the operation. 
The general manner of extracting 
filver from lead is every where the 
fame; it is very ſimple, depending 
upon 


( 

yon the different eſſential proper- 
ties of the two metals. — It is an 
eſſential property of lead, when 
melted in the open air, to loſe its 
metallic appearance, and to burn 
way into a kind of earth.—It is 
an eſſential property of ſilver not to 
burn away, or to loſe its metallic ap- 
pearance when expoſed to the action 
of the ſtrongeſt fires, in the open air. 
Hence, when a maſs of metal, con- 
ſiſting of lead and filver, is melted 


burned. to aſhes, and the ſilver re- 
maining unaltered, it is eaſy to un- 
derſtand how the ſilver may be ex- 
tracted from the lead; for being hea- 
vier than the aſhes of the lead, and 
incapable of mixing with them 


in the open air, the lead will be 


MW (fince no metal is miſcible with an 
earth), it will fink to the bottom. of 
= . the 


E 
the veſſel in which the maſs is melt- 
ed. Iron, tin, and copper, reſem- 


ble lead, in being convertible into 


a kind of aſhes, when expoſed to the 


action of air and fire, and gold re- 
ſembles ſilver in not undergoing any | 
change from ſuch action; hence ei- 
ther gold or ſilver, or a maſs con- 


ſiſting of both, may be purified from 


any or all of theſe metals by the 
mere operation of fuſion; for theſe 
metals will riſe to the top of the 
veſſel, in which the fuſion is made, 
in the form of an earth or droſs, leav- 


ing the gold or ſilver pure at the 
bottom. 8 


Ihe ancients certainly knew that 
ſilver could be purified from the 
baſe metals by the force of fire. | 


The houſe of Iſrael is to me become 


 droſs: all they are braſs (copper), and | 
8 tin, 


(39 9 
tin, and iron, and lead, in the midſt of 
the furnace, they are even the drofs.off 


luer *, And as we read of ſilver 


being purified ſeven times in a fur- 
nace of earth 4, it may, perhaps be 
inferred, that the method of refining. 
filver, which was then in uſe, con- 
fiſted in reducing the baſe metals. 
into earth, by a repetition of the 
proceſs of fuſion. This inference, . 
it muſt be owned, is rendered doubt - 
ful by a paſſage in Jeremiah ;,—the 
bellows are burned, the lead is conſumed 
of the fire, the founder melteth in vain I. 
—This paſſage is ſomewhat ambi- 


guous, and interpreters tranſlate the 
original Hebrew differently, but 


moſt of them collect from it, that the 
Es founder 
* Ezek, xxii. 18. P. Xii. 6. 
Jerem. vi. 29. | 
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founder added lead to the mixed WM wh 
maſs which he wanted to refine, cor 
Lead, when reduced to an earth of: 
by being burned in the open air, gol 
may, in a ſtronger degree of heat, co 
be converted into a yellowiſh glaſs *, the 
Re which Wl 2 
e 7 | for 
* Other metallic ſubſtances yield coloured | gl: 

glaſſes, either when vittifled alone, or in 
3 8 th 
conjunction with pure glaſs. In enamel and U 
Tn 


china painting, they prepare role red and | 
purple colours from gold; ſcarlet reds from 
iron, or vitriols that partake of it; greens 
from copper; blues from cobalt. blacks 
from magneſia, zaffer, and ſcales of iron; yel. 


lows from filver antimony, Naples yellow, 7 
and crocus martis; white from tin. The m 

ſame ſubſtance yields different colours, ac- th 

cording to the degree of heat to which it is ly 
expoſed ; thus, the green colour of common or 
_ glals bottles, which proceeds from the iron 
contained in the ſand and vegetable aſhes from 

which the glaſs is made, is changed into a blue 


by a ſtronger degree of heat, 


4 31 
which has the property of greatly 
contributing to the eaſy vitrification 
of all earthy ſubſtances; hence, when 
gold or filver are mixed with iron, 
copper, or tin, it is uſual to add to 
the mixed maſs a quantity of lead, | 
in order to accelerate the purification; 
for the lead will be converted into 
glaſs, and this glaſs will vitrify all 
the extraneous ſubſtances with which 
the gold or filver are polluted, with- 
out exerting the leaſt action upon. 
the precious metals themſelves. 

I do not know upon what grounds 
one of the moſt diſtinguiſhed che- 
miſts of the age has aſſerted, © that 
the refining of gold and filver mere- 
ly by the action of the fire was the 
only method anciently known” +. 

za 


+ Chon,” Dict. by M. Macquer, artice 
Refining, 


vol. III. xX 


6322) 
and that the doing it by the addition 
of lead, is a diſcovery with which 
the ancients wete unacquainted, 


quoted from Jeremiah; in Diodorus 


Siculus there is a very minute de- 
ſcription of the manner of working 
ſome gold mines in the confines of 


Egypt and Arabia; this deſcription 


was probably written on the ſpot 
when he viſited that country, but 
the mode of operation ſeems to have 


been derive@ from a more early pe- 
riod; as the diſcovery of the mines is 


attributed by him to ſome of the moſt 
ancient Ægyplian kings; amongſt 
other particularities, he takes notice 
of their melting the mineral in con- 
junction with a little tin, ſome ſmall 
portion of ſalt, and a lump of lead.“ 
„ . Sirabo 
* Diod, Sic. Lib, III. p. 184189. 


4220 
Strabo quotes Poꝶbius as ſpeaking of 
a filver ore, which, after being five 
times waſhed, was melted with lead, 
and became pure ſilver. Unfortu- 
nately this part of the works of Po- 
lybius is loft, or we might have had 
a more circumſtantial knowledge of 
the procefſes by which the ancients 
extracted filver from its ores, as 
Strabo ſays, that he omitted Poly- 
bius's account of this matter, becauſe — 
of its prolixity. ® Pliny probably 
has an alluſion to the uſe of lead in i 
refining ſilver, when he ſays, that a _ 
filver ore in the form of an earth | 
could not be melted except in con- . 
junction with lead or the ore of lead. 
A more diligent ſearch into the wiit- 
ings of the ancients would, doubt- 


lefs, 


* Strab, Geo, Lib. It. D221. 
+ Plin. Hiſt. Nat. Lib. XXXIII. C. 6. 
* 5 


( 324 ) 3 
leſs, furniſh more authorities upon 
the point, but theſe may be ſuſſi- 
cient to induce us to believe, that 
they were not unacquainted with the 
uſe of lead in refining gold and ſil- 
ver, —But to return to the manner 
of extracting filver from lead. 
The veſſel in which the workmen 
melt the maſs of ſilver and lead, is 
of a ſhallow form, that a large ſur- 
face of the melted maſs may be ex- 


poſed to the air; it is made uſually of 


four meaſures of the aſhes of calcined 
bones, and of one meaſure of un- 
waſhed fern aſhes, and is called a 
teft.* This veſſel is very porous, 
n but 
* Teſts are ſometimes made of clay and 
other materials, and metallurgic writers of- 
ten order the wood aſhes to be waſhed, leſt 
the alkaline ſalts which they contain ſhould 
tend to vitrify the teſt; but a very good re- 
1 5 1 finer 


E 

but not ſo much as to imbibe the 
metal, whilſt it continues in the form 
of a metal; but as the earth, into 
which the lead is ſoon reduced by 
the action of the fire, becomes melt- 
ed, the teſt imbibes a portion of it 
in that liquid ſtate, the other por- 
tion is driven off (as cream is blown 
off from milk) from the ſurface of 


the melted maſs, by the blaſt of a 
| bellows, The liquid, half vitrified, 


earth of lead, which is thus driven 


off, concretes into hard maſſes of a 


ſcaly texture, and 1s called in that 


ſtate /itharge, or ſilver ſtone, from 


the manner of its being produced, 
or from an idle notion of its con- 


taining - 
| finer at Holywell informed me, that he always 


uſed the aſhes without waſhing them, as the 
veſſel became thereby leſs apt to crumble into 
pieces, . | | 
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(326 
taining much ſilver. The litharge 
which is firſt formed is whitiſh, that 
which experiences a greater degree 
of heat is red; the colour of the 

litharge is alſo influenced by that of 


the other metals, which may chance 


to be mixed with the maſs of lead 
and ſilver. When the ſurface of the 
melted maſs becomes white, and 


throws up no more litharge, the ope- 


ration is finiſhed ; but as the re- 
maining filver is not quite pure, 


fince it contains a ſmall portion of 


lead, from which the degree of heat 
requiſite for melting the mixed maſs 
cannot readily free it, it is taken to a 
refining furnace, and rendered quite 
pure, at leaſt from lead, by cupella- 


tion. PP his proceſs conſiſts in melt- 5 


ing the ſilver obtained from the firſt 


operation, in a veſſel made of the 


VV ſame 


Em Y 


from its reſemblance to a wide- 
mouthed cup, has been called a 
cupel, The cupel being expoſed to 
a ſtronger heat than the teſt, the lead 
which had eſcaped the action of the 
fire on the teſt,. is now driven out 
from the filver, and being converted 
into litharge, is abſorbed by the cu- 


pel, and by this means the ſilver is 
Pur fed from every metal except 


gold; for it is not neceſſary, on this 
occaſion, to remark, that a minute 


portion of copper, when there hap- : 
pens to be any in a maſs of filyer and 


lead, probably eſcapes the action of 
the fire in cupelling gold or ſil ver. 


There are ſeyeral ſmelting houſes 
at Holywell in Flintſhire, where ſilver 
is extracted from lead; Mr, Penyant *. 
* 4 "1454 {i 


5 Tour through Wales. 


ſame materials as the teſt, and whieh, 
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has given the following account of 

the quantity of ſilver extracted at 
-one of the largeſt of theſe houſes in 
the courſe of fix years. 


OUNCES. ounces. 

Year 1754 12160 Year 1774 - 5693 
L255 1% ͤ 1975 = 6704 

1750 - 7341 21776 - 4347 


4 he ſilver obtained from lead at | 
Holywell, is chiefly ſold to the manu» | 
facturers at Birmingham and Sheffield. | 

Much filver is alſo extracted from 

lead in Northumberland. 

At Holywell they uſually work of 
three tons of lead at one operation, 
the quantity of filver which they 
procure, is variable according to the 
richneſs of the lead; a few years 
ago they were refining lead from an 

ore found in the Jfe of Man, and it 
gave them about 60 ounces at every 

. pe”: - 


„„ 
operation, or 20 ounces in a ton of 
the lead. The litharge ordinarily 
obtained from three tons of lead 
amounts to 58 hundred weight; this 


litharge may either be changed into 


red lead by caleination, or it may be 
reduced into lead again by being 
fluxed with charcoal, or any other 


matter containing the inflammable 


principle, * but when it is reduced 
they ſeldom obtain more than 52 
hundred weight of lead, ſ fo that by 

| . ex- 
* Lead from litharge is, generally ſpeak- 


ing, worth. five ſhillings a ton more than ore 


lead, as the plumbers eſteem it ſofter and fitter 
for making ſheet lead ; yet the litharge lead 


from the ore of the Iſle of Man here mention- 
ed, was found quite unfit for making ſheet 


tead, on account, probably, of the ore having 
held other metals beſide filver and lead. 


+ In the foreign works they eſtimate the 


loſs of weight, which the litharge ſuſtains in 


being 
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extracting the ſilver, there is a loſs 
of eight hundred weight in three 
tons of lead. It has been ſaid that 
the Dutch can extract the ſilver from 
three tons of lead, and not loſe above 
fix hundred weight * upon convert- 


| ing che litharge into lead, and that 


this ſuperior ſkill, aided, probably, 
by their ſuperior induſtry, enabled 
them 40 purchaſe our lead, and to 
extract the ſilver from ſuch as could 
not be refined here with advantage: 


J have been informed, however, by 
an experienced refiner in Derbyſhire, | 


that he could extract the ſilver with- 
out loſing quite ſo much as ſix hun- 
a DE. dred 


being reduced into lead, at a Gxth part of the | 
weight of the litharge, or 94 hundred weight 


from £8 hundred weight of litharge. Eflals 
| dles Mines, Tom. II. P» 401. | : 
+ Webſter's Metal. p. 233. 


11) 
dred weight in three tons of lead; T 
make no queſtion that the loſs de- 
pends, in ſome meaſure, on the qua- F 
lity of the lead. It has been re- 13 
marked before, that lead, which does 
not contain nine ounces of ſilver in 
a ton, is not thought worth the re- 
fining; the ſmalleſt quantity which 
can be extracted with profit, muſt 
depend much upon the price of lead, 
all expences attending the ſeveral 
proceſſes being the fame. For eight 
hundred weight of lead, which may 
be aſſumed at a medium as the loſs 
ſuſtained during the operations of 
refining and reducing, is worth 61, 
when lead is at 151. a ton, and it is 
worth only 41. 16s. when it is at 
121. a ton. The value of 27 ounces 
of ſilver, which we ſuppoſe to be the 
quantity ſeparable from three tons 

. of 
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of lead, is 71. 108. gd. at 5s. 7d. an 


ounce; hence, the difference be- 
tween the value of the filver obtain- 
ed, and that of the lead loſt, would, 
when lead is at 15l. a ton, be 
11. 10s 9d, and when lead is as low 
as 121. a ton, it would amount to 
21. 145. gd. In the times of Sir 


Jobn Pettus, the uſual allowance for 


waſte. in refining and reducing of 
lead, was three hundred weight in a 
ton, or nine hundred weight in three 
tons, and the lead was valued at 


121. a ton,“ ſo that lead has altered 


very little in its price in the courſe 
of above one hundred years. 


Silver is here valued at 58. 70. 
an ounce; this requires ſome ex- 
planation. A pound of flandard 
flver in England, conſiſts of 11 
rn et Wy ounces 


Fodinæ Reg. p. 10. 


ach. nin 0. „ e e wh np. 65 
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ounces and 2 pennyweights of fine 


flver, and of 18 pennyweights of 


copper; in other words, every maſs 
of ſtandard ſilver conſiſting of 40 


parts by weight, is compoſed of 37 
parts of fine ſilver, and of 3 parts of 
copper; the copper is called the al- 
Jay. All nations uſe ſome alloy both 
in their gold and ſilver; partly with 


a view of rendering theſe metals 
harder, and partly becauſe it would 
require much labour and expence to 


free them wholly from that ſmall 


portion of copper, which, in their 


ordinary ſtate, as fluxed from their 
-ores, they are generally found to 


contain. A pound of fandard ſilver 


is coined into 62 ſhillings, hence the 


Mint price of an ounce of ſtandard 
ſilver would be a twelfth part of 62 


ſhillings, or 5s. 2d. From hence 
Rs e it 
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it might be ſhewn, by the rule of 
proportion, that the market price of 


an ounce. of ine ſilver, which con- 
tains no copper, will be 5s. jd. at 
the leaſt. The market price of ſil · 
ver bullion does not wholly depend 
on the mint price, it can never be 
lower than that, but, from the ope- 


ration of various cauſes, it may ex- 


ceed it. Standard gold with us 
conſiſts of 11 parts of ine gold, and 
of 1 part of copper, or of a mixture 


of ſilver and copper; and a pound 


or 12 ounces of ftandard gold, is 
coined into 44 guineas ; hence the 


price of an ounce of ſtandard gold is 
31. 178. 102d. and the price of an 


ounce of ne gold is 41. 48. 114d. 
Foreign gold trinkets ſtain the 
hands more, and have a more cop- 


OR .. perf 
+ Eſſay on Money and Coins, p. 2. and 55- 
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pery look than Engliſh ones; and 
in fact they are made of gold which 
is alloyed with a much greater pro- 
portion of copper, than the ſtand- 
ard gold of England; yet, when an 
enamel is to be fixed on gold, one 
of the moſt experienced of the fo- 
reign enamellers + recommends the 
uſe of gold, which has the ſame al- 
loy as the Engliſh ſtandard gold, or 
two parts alloy, and twenty. two 
parts of fine gold. 

Copper communicates à ſmell 
both to gold and filver, The Ro- 
man ſpecula, which they uſed as look- 
ing glaſſes, in Pliny's time were 
commonly made of ſilver, but the 
filver was alloyed with much cop- 
per; for we find a cunning waiting 
maid in Plautus adviſing her miſ- 


tres -. 
43 Ml, de Hem, Traite des Coleurs. 


. 
treſs to wipe her fingers after hav- 
ing handled a ſpeculum, leſt her 
paramour, from the ſmell of her 
fingers, ſhould ſuſpect her of having 
received filver from ſome other 
lover. | F 


Ut ſpeculum tenuiſti, metuo ne oleant argens 
tum manus, 


Ne uſque argentum te \accepiſſe fulpicetur 
 Philolacles,*: © 


* Plaut. Moſt. AQ. L 


= 'DF RED AND WHITE LEAD. 


E hs reader does not know what 
minium or red lead is, I would 
wifh him to ſend for a few ounces 


of it to his painter or apothecary.— 


Suppoſing him to have a parcel of 


red lead before his eyes, the firſt 


thing which will ſtrike him is its vi- 
vid colour verging a little towards 


orange; if he crumbles it between 
VOL, 111, . . 
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1 
his fingers, he will find it to be an 


almoſt impalpable powder; if he 


poizes it in his hand, he will per- 
ceive it to be much heavier than 
either bricks duſt or red ochre, 
with which ſubſtances it is ſome- 
times adulterated; if he compares 


it with a piece of lead, he will be 


aſtoniſhed how it can be either pro- 


duced from lead, or be capable of 


being, by a very ſlight operation, 
reduced into lead again. 

It has been mentioned in the pre- 
ceding Eſſay, that red lead is made 
from litharge at Holywell: this red 
lead, which is made from litharge, is 

not perhaps, in all its properties, of 
quite the ſame kind with that which 


is made directly from lead; at leaſt 


I have been informed, that the mak- 


: ers of flint glaſs, who uſe much red 
5 lead 


3390 
lead in the compoſition of that glaſs, 
are of opinion, that the litharge red 
lead does not flux ſo well as that 
which is made from the direct cal- 
cination of lead, as is practiſed in 
Derbyſhire, There are in that county 
nine red- lead mills or furnaces, all of 
which are much upon the ſame con- 
eee 
The furnace is very like a baker's $ 
oven, its vaulted roof is not at a great 
diſtance from the bottom or floor, on 
each fide of the furnace there are 
two, party walls, riſing from the 
floor of the furnace, but not reach- 
ing to the roof; into the intervals, 
between theſe walls and the ſides of 
the furnace, the pit-coal is put, the 
flame of which being drawn over 
the party walls, and ftriking upon 
the roof, is from thence reflected 
| * 2 52-7 down 


(3400 
down upon the lead, which is placed 
in a cavity at the bottom, by which 


means the lead is ſoon melted. The 
furface of melted lead, when expoſed 


to the open air, inſtantly becomes 


covered with a duſky pellicle; and 
this pellicle being removed another 


is formed, and thus by removing the 
pellicle, as faſt as it forms, the great- 
eſt part of the lead is changed into 


a yellowiſh green powder. This 1 
yellowiſh powder is then ground 
very fine in a mill, and being waſhed, 


in order to ſeparate it from ſuch parts 
of the lead as are ſtill in their me- 
tallic ſtate, it becomes of an uni- 


form yellow colour, and, when it is 


dried to a proper conſiſtency, it is 
thrown back again into the furnace, 


and being conſtantly ſtirred, ſo that 
all its parts may be expoſed to the | 


action 


- 0 "3 
action of the flame of che pit coal, 
in about 48 hours it becomes red 
kad, and is taken out for uſe. 
The colour of the red lead admits 
ſome variety, which is occaſioneq by 
the different degrees of heat, If 
the heat is too ſmall, inſtead of red 


it is yellow or orange coloured; if it 


is too great, the red colour is chang- 
ed into a dirty white, between thefe 
two extremes it is ſubject to ſome di- 


verſity of ſhades of red, which eannot 


well be noticed or deſcribed, except 


by thoſe who are e engaged in the 


making of it. 


It has been aſſerted, that the re- 


verberation of the . and ſmok& 


upon the ſurface of the lead, is not 
a neceſſary circumſtance in giving it 


a red colour *, *, but that it will ac- 


55 a 3 9855 quire 
” Instit. de Chym. par þ M. Deck, p. 02.2 
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quire this colour by a long calci- 
nation without coming into contact 
with the flame. The truth of this 
aſſertion I think may be doubted. I 
| kave more than once calcined lead 
for above 60 hours, withour ſuffer- 
ing the flame of the fire to touch it 
during any part of the proceſs, but 
by this method I could never obtain 


any thing better than a dirty red, | 


reſembling the red of brickduſt, 
which is very different from the 


colour of red lead; and even this 


dirty red was changed into a yellow 
colour, by augmenting the degree of 
heat with which the lead had been 
calcined. The method of making 
red lead is very well underſtood in 
England and Holland, but not in 


France; and the French workmen are 
* * on we 


6343) 


of opinion that it cannot be made 
by the flame of wood fires *. 


During the making of red lead, 


part of it is volatilized,. there riſes 
up from it a vapour, which attaches 
itſelf to the roof of the furnace, and 
forms ſolid lumps. Theſe lumps 


are of a yellowiſh white colour mix- 


ed with pale green and ſome reddiſh 
ſtreaks, wherein are frequently ſmall 


red cryſtals, reſembling ſuch as may 
be artificially formed by ſubliming 
ſulphur and arſenic together. The 
workmen call the whole of what is 
ſeparated from the lead in the form 
of ſmoke, ſulphur: when this ſub- 
limed matter is detached from the 


roof of the furnace, the red party. 


* Mem, de Acad. des Scien. 1770, —= 
Elemens de Mineral, par M. Sage. Vol, II. 
p. 8 80 e 
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are converted by a ſubſequent pro- | 


ceſs, into red lead; and the yellow 
ones are ſent to the ſmelting fur- 
naces, to be run down again into 
lead. The quantity of this ſubli- 
mate amounts to about five hundred 
weight in making one hundred tons 


of red lead. The proportion here 
aſſigned is not wholly to be relied 
on, ſince the ſmoke ariſing from the 


lead forms itſelf into larger maſſes, 
and in leſs time, when it is not con- 
ſtantly fwept from the roof of the 


furnace than when it is; and the 


workmen endeavour to keep the 


roof as free from it as they can, be- 

cauſe a ſmall portion of it injures 
the colour of a large quantity of the 
red lead with which it happens to 
be mixed. 


A ton or went hundred weiglit 
of 


r SL a 6 SES: 
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of lead generally gives twenty- tuo 


hundred weight of red lead, notwith- 
ſtanding the loſs of ſubſtance which 
the lead evidently ſuſtains from the 
copious ſmoke which ariſes from it 
during the operation. Some authors 
tell us, that the increaſe in the weight 
of the red lead is double what I have 


here mentioned: thus, Or ſchall ſpeax- 


ing of the red lead made at Narem- 


berg, aſſures us, that 100 pounds of 


lead yield 120 pounds, and ſome- 
times even more, of red lead*. It 
is not impoſſible that, according to 


the different manners of conducting 


the proceſs, there may be a differ- 


ence in the quantity of weight which 


the red lead acquires: I had my in- 
formation from ſome of the moſt 
: expe- 


®.Orſch, Metal. French Tran. p. 100.— 
AM 1. Sage s Miner, Vol. II. Pp. 384. 
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experienced makers of red lead in 
Derbyſhire. There have been great 
diſputes amongſt philoſophers, to 


what prineiple this increaſe of weight 


mould be aſcribed ; ſome have attri- 
| buted it to what they call the matter 
of fire; others are upon good grounds 
convinced, that it is owing to the 
abſorption of the air itſelf, or of 
ſome of the principles of which the 
air conſiſts, This hypotheſis con- 
cerning the fixation of air during the. 
calcination of metals, is ſaid to have 
been firſt advanced by Jobn Rey, a 


French phyſician, in 1630; Dr, Hales 


| was partly of the ſame opinion *; 


and Dr. Pemberton very expreſsly af- 
firms, that calcined metals receive 

' their increaſe of weight from the air, 
which, © by acting on the inflamma- 
%%% iowa 755 ble 


9 
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„„ 
ble ſubſtance, either in metals or 
other bodies, expels it from them, 
and unites itſelf (in part at leaſt) ta 
the remains of the body*.,” The 
ingenious labours of Dr, Prieftley and 
of M. Lavoiſier have confirmed the 
conjectures and experiments of for- 
mer philoſophers, for they have 
dlearly proved two points — firſt, 
that a large portion of air may be 
ſeparated from red lead, by reducing 
it to the ſtate of a metal; —and 
ſecondly, that a large portion of air 
is abhſorbed by lead during the calci- 
nation, by which it is reduced to 
the ſtate of red lead f. 
During the calcination of lead, it 
18 certain, from what has been ſaid, 
that 


+ Pember. Chem. p. 245: 


+ Prieſtley's Exper, and Layolſier" 8 Eflps 
tranſlated voy * 
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that much of its ſubſtance is diſperſ- 


ed into the air; this ſubſtance may 


indeed be ſeen aſcending as a ſmoke 
from the ſurface of the lead, if the 
heat be ſo great as to make it boil; 
and in a leſs degree of heat, the va- 
pour which aſcends from it, may be 
rendered viſtble, by holding over it 
a wet iron ladle to condenſe it. But 
at the ſame time that the lead loſes 
conſiderably of its weight by the 
_ volatilization of part of its ſubſtance, 
it receives ſuch an acceſſion of new 
matter from the air, as renders thc 
weight of the part which remains 
much greater than that of the whole 
lead which was expoſed to calcina- 
tion. This. acceſſion of aerial matter 
may be driven off from red lead, by 
reſtoring to it the inflammable prin- 
ciple which was conſumed during 
e 325 ; : the 
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the calcination; but after this extra- 
neous matter is driven off by re- 
ducing the lead, we ought not to 
expect that the lead, which is thus 
brought back to its former ſtate, 
ſhould weigh 1s much as it did be- 
fore it was calcined ; becauſe that 
part of it which was volatilized and 
_ diſperſed into the air cannot be re- 
covered. And in fact, it was obſerved 
in the laſt Eſſay, that three tons of 
lead, when converted by calcination 
into litharge, had loſt two hundred 
weight; this quantity, and, probably, 
much more than this, had been vo- 
latilized and loſt, for the remaining 
fifty- eight hundred weight conſiſted 
partly of the earth of lead, and partly 
of the air which had been fixed in it 
during the calcination; and hence, 
. it was reduced, it did not give 
above 
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above fifty two hundred weight. Tn 
calcining then, and reducing ſixty 


hundred weight of lead, there is a 
loſs of eight hundred weight: a great 
part of this loſs is rightly referred t6 


the volatilization of the lead, but a 
part alſo may juſtly enough be re- 


ferred to the ſcoria which remains 
after the reduction of the litharge 


into lead, that operation being ſel- : 


dom performed ſo accurately as not 


to leave ſome part of the litharge 
-unreduced. I have here ſpoken of 
the loſs of weight ſuſtained during 


the reduction of litharge, as if it 
was the ſame as that which red lead 


ſuſtains; there probably may de 
ſome difference between them, but 


the general inference is the ſame; 


and I have been informed moreover, 


that there i is neither Increaſe nor de- 
1 15 5 creaſe | 
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creaſe in weight in converting lis 
tharge into red lead *, | 
In making red lead in Derbyſhire, 
the workmen mix one hundred 
weight of flag lead with about eigh- 
teen hundred weight of ore lead; 
and they are perſuaded that this ſlag 
lead has a great effect, in accelerating =_ 
the converſion of the other lead into 10 
an earth. Tin, when mixed with 1 


lead, very much promotes its calci s 
nation; and the ſlag lead has this 9 
| pro- 0 0 


* This obſervation does not accord with 
that of the author of the Parner Diſcourſe 
concerning Mines, p. 34.— 20 hundred 
weight of this litharge will produce 22 hun- 
dred weight of red lead.” Another author 
informs us that 20 pounds of lead will, by a 
long calcination, give 25 pounds of aſhes, and 
that theſe 25 pounds of aſhes will, when re- 

_ duced, give 19 pounds of lead, WT Cours . 
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property in common with a mixture: 
of tin and lead, that it does not, 


when melted, exhibit any colours on 
its ſurface: may not its properties, 


by which it is diſtinguiſhable from 


ore lead, ariſe from its containing 
Zinc or tin? We are too apt, I think, 
to look upon the ores of lead as con- 
taining only one metal; ſince we are 


certain that they all contain two, 


namely, lead and ſilver; and. it may 
be, that they contain other metallic 


ſubſtances, particularly zinc and tin. |} 


In converting a ton of lead into 
red lead, the workmen obſerve, that 


towards the end of the operation, 


a few pounds of lead are always 


found to remain, which cannot be 
changed into red lead, with the ſame 


facility with which ordinary lead is 
changed. When 1 was firſt informed 


of 


Com 3 


of this circumſtance, I conſidered 


it in the following manner, — Der- 


byſhire lead, though it does not con- 
tain ſilver enough to render the ex- 
traction of it profitable, yet it gene- 
rally contains five or ſix ounces in a 
ton: ſilver is not capable of being 
converted into an earth by the ac- 


tion of air and fire, when therefore 


a ton of lead is converted, as to its 
greateſt part, into red lead, why may 
not the ſix ounces of ſilver contained 
in that lead be left unaltered? and 
may not the ſuperior difficulty of 
reducing the laſt portion of the lead 
into red lead, proceed ſrom hence, 
that it is much more impregnated 
with filver, than ordinary lead is? 
Under the influence of this conjee— 
ture, I procured from Derbyſhire, 


ſome of the lead which remained 


vol. 111. 2 un- 
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vncalcined in the making of red 


lead, and I aſſiyed it for ſilver, 
but it did not contain more ſilver 
than many ſpecimens of ore lead 
contained. 

It has been remarked, more than 
once, that red lead may be reduced 


into lead, by being melted with roſin, 


tallow, charcoal, or any ſubſtance 
containing the inflammable princi- 
ple. The proof of this is very eaſy; 


a few grains of red lead being ſcat- 


tered on a piece of red-hot charcoal, 


will be changed into globules of 
lead; or if the reader burns a com- 
mon red wafer in the flame of a 


candle, holding a piece of white 


paper under it, he will ſee many 


red-hot globules falling upon the 
paper, and theſe globules he will find } 
to be lead; this lead proceeds from | 


3 the 


* 
the red lead with which ordinary 
wafers are coloured, being reduced 
into the ſtate of a metal, by uniting 
itſelf with the inflammable principle. 
The beſt wafers are coloured with 
 wvermilion—powdered cinnabar x. 

Having been diſappointed in the 
expectation of finding a large pro- 


portion of ſilver, in the ſmall reſidue 


of lead remaining after the conver- 


ſion of ordinary lead into red lead; 


and being unwilling to give up the 


notion, I was deſirous of convincing 


myſelf that I had not been guilty of 
any miſtake in the affay that I had 
made, by trying whether red lead it= 
ſelf did not contain filver ; for if red 
lead contained filver, I ſaw no reaſon 


co 


* Cinnabar is an ore of quickfilver ; it is 
compoſed of quickſilver and {ulphur ; gene- 
rally of 7 parts of quickſilver to 1 of ſulphur. 
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To be ſurpriſed at the reſidue, before 
mentioned, not containing more than 


I. found it to do. I therefore re- 
duced a quantity of red lead into 
the ſtare of a metal, by melting it 
with roſin; this reduced lead was 
carefully aſſayed more than once, 


and it always afforded a portion of | 
ſilver. Hence we may conclude, | 


that the filver contained in lead, 
though it be not ſubject to calcina- 
tion during the proceſs of making 
red lead, is nevertheleſs mixed with 


the calcined lead in ſuch a commi- 


nuted ſtate, as to eſcape our ſenſes; 
the filver, probably, is ſtill in the 
form of ſilver, but its particles are 
fo indefinitely fine, that they can- 


not be diſtinguiſhed in the maſs of 


red lead, which contains them. 
The method of making flag lead 


has 


5 
has been deſcribed before; I aſſayed 
this kind of lead ſeveral times, and 
I ſometimes obtained from it a glo- 
bule of filver, at other times there 
was no appearance of ſilver, This 
difference in the reſult of the aſſays, 
is not to be attributed to any differ- 
ence in the quality of the flag lead 
which was aſſayed, for all the pieces 
which I tried were cut from the 
ſame lump, but to rhe different de- 
grees of heat uſed in the operation; 
when the fire was too ſtrong, the 
ſilver, I conceive, was velatiliged. 
Silver, I know, is looked upon as a 
fixed metal, and not capable of being 
volatilized * and the lois of filver; 
when the fire is too ſtrong, has been 
attributed to its not being volatiliz- 
ed, but adſorbed © by the cpel I 
have no oObjection to this account; 
1 but 
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but that the volatilization of ſilver 
on the cupel is no unwarranted con- 
je&ure, appears from hence, that in 
the laſt proceſs of refining lead for 
ſilver at Holywell, ſo much of the 
ſilver is carried into the chimney of 
the furnace, that they have pro- 
cured a ſilver cup from melting the 
ſweepings. 

A great quantity of lead is annu- 
ally imported in the tea boxes from 
China; a Congo box contains about 


10 pounds, and an Hyſon box about ; 


4. pounds of lead ; I have frequently 
aſſayed this lead, and always found 


that it contained ſilver, but not in 


quantity ſufficient to quit the ex- 
pence of extracting it. 


Pure lead is heavier than pure . 


ver, and the purer the lead the great- 


er is its weight; I calculated the 
weigh | 


we 
cr: 
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weight of a cubic foot of five differ- 
ent ſorts of lead: 


Weight of a cubic foot of 


Avoir. oz. 

Leal from the reduction of red lead 11460 
Lead uncalcined in making red lead - 11331 
Lead ſmelted from an ore 11262 
Lead from the flag of a cupola furn. 11212 
Lead from a tea box - - 11176 


The experiments from which I form- 
ed this table, were repeated at dif- 
ferent times, and the mean of ſeve- 
ral trials in the reſpective ſorts is 
expreſſed. A cubic foot of fine 
ſilver weighs 11091 ounces *. 

The following aſſays of the ſeveral 
leads here mentioned, were made by 
an experienced aſſayer in London; 
they are very little different from 
thoſe 


» Cotes, : 
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thoſe which I myſelf had made, but 
I was deſirous that the reader might 
rely upon the authority of a perſon 
verſed in the particular buſineſs of 
aſſaying, rather than upon mine. 


Fine filver in a pound of 
| Grains. 

Lead from the reduction of red lead 1 
Lead uncalcined in making red lead 13 
Lead ſmelted from an ore 2 1 
Lead from the ſlag of a cupola furn. 5 
Lead from a tea box — 1 


From comparing the two tables 


together, we ſee that the heavieſt | 


lead contains the leaſt filver. I do 
not think, that perſons intereſted in 


knowing the quantity of ſilver con- 


tained 1n any particular ſpecimen of 


lead, ſhould reſt ſatisfied with aſſ Tay- 


ing ſo ſmall a portion as a pound, 
eſpecially if no notice is taken of 
any 
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any weight leſs than one fourth of 
a grain. CDT en 
White lead or ceruſe, 1s lead cor. 
roded by vinegar. Thin plates of 
lead are rolled up in a ſpiral form, 
and placed in earthen pots contain- 
ing vinegar; theſe pots being ranged 


on proper ſtages, and their mouths 


being covered in ſuch a manner, as 
to permit the vapour of the vinegar 


to eſcape, and at the ſame time to 


prevent any impurity from falling 


into them, a quantity of horie-dung 
is thrown in amongſt them; by the 


heat of which, as it grows putrid, 
the vinegar is raiſed in vapour, and 
this vapour attaching itſelf to both 
ſides of every ſpiral of the lead, 


which is fo placed as not to touch 


the vinegar, it corrodes the lead into 
white ſcales, which being beat off 
from 
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from the plates, waſhed and ground 
in a mill, conſtitute the white lead 


of the ſhops, excepting that this is for 
generally, even before it gets into ter 
the hands of the painters, adulterat- ha 
ed with chalk, Ceruſe was for- | 11 
merly made by the vapour of putrid | da 
urine inſtead of vinegar, The time P 
when this preparation of lead was I th 


firſt diſcovered, 1s wholly uncertain ; . 
Diaſcorides ſpeaks of its being made 
in great perfection at Rhodes, Corinth, Þ » 
and Lacedemon, and of an inferior fort 
of it at Puteoli * ; and Pliny deſcribes 
two ways of conducting the opera- N 
tion, both of which are now in uſe f. 

The Roman ladies were well ac- 
quainted with the uſe of ceruſe as a 
colmetic : Plautus introduces a wait- 


: LS 
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* Dioſ. Lib. V. C. 103. 
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ing woman refuſing to give her mif< 
ſtreſs either ceru/e or rouge, becauſe, 
forſooth, in the true ſpirit of a flat- 
tering Abigail, ſhe thought her quite 
handſome enough without them “*. 


I ſuppoſe the Chriſtian ladies in the 


days of St. Jerome, were given to this 


pagan cuſtom, for the venerable fa- 
ther inveighs very forcibly againſt 


the 
non do, ſcita es tu quidem, 
Nova pictura interpolare vis opus «WAR 
mum, 


Non iſtanc ætatem oportet pigientum ullum 


gattingere, 
Neque ceruſam, neque melinum, neque aliam 
ullam offuciam. 
Plaut. Moſt, Act. I. 


Quid faciat in facie Chriſtiane purpuriſſus 


et ceruſa, quorum alterum ruborem genarum, 


labiorumque mentitur, alterum candorem 
Joris et colli, ignis juvenum, fomenta libidi- 
num, impudicæ mentis indicia, Hieron. ad 
Fuſcum. „ 


——— „** 
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the uſe of rouge for the lips and 


cheeks, and of ceruſe for the face and 


neck, as incentives to luſt, and indi- 
cations of unchaſte deſires, With- 
out preſuming to explore the arcana 
of a lady's toilet, or to reveal the 
arts by which my fair country wo- 


men endeavour to improve charms 
naturally irreſiſtible, I would add 


to the admonition of St. Jerome, a 


caution more likely, in theſe dege- 
nerate times, to be attended to — 
the certain ruin of the complexion, 


to lay nothing of more ſerious mala- 


dies, which muſt ever attend the 


conſtant application of this drug. 


Nor is the magiftery of biſmuth or 


Spaniſh white, as it is called, much 


leis pernicious than ceruſe, notwith- 


ſtanding its being in ſuch repute in 
London, that the chemiſts can hardly 


Pre- 


L 
pare it faſt enough to ſupply the 
demand for it *. Bur if, as 1s moft 
probable, they will neglect this cau- 
tion, I warn them, however, to for- 
bear the uſe of ſuch waſhes at Har- 
I rowgate, Moffat, and other places of 
the ſame kind, leſt they ſhould be in 
the ſtate of the unlucky fair .one, 
I whoſe face, neck, and arms were 
I ſuddenly deſpoiled of all their beau- 
ties, and changed quite black by a 
ſulphureous water. Indeed, all phlo- 
giſtic vapours, and even the ſun it- 
ſelf, tends to give both the magiſtery 
of biſmuth, and ceruſe, a yellow co- 
Jour ; this obſervation may explain 
. a line 
* The magiſtery of biſmuth is made by 
diſſolving that ſemimetal in aqua fortis, and 


precipitating the diſſolved bitinuth from the 
acid, by water. | | 
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2 line in Martial, where a ceryſet 
lady is faid to fear the ſun “. 
Other fluids, beſides the vapour 
of vinegar, corrode lead into a kind 


of ceruſe. When plumbers ftrip 
the roofs of churches, or other build- 
ings covered with lead, which has 


lain undiſturbed for many years, 


they uſually find that fide of the lead 


which is contiguous to the boards, 
covered with a white pellicle, as 


thick ſometimes as an half crown; 


this pellicle is corroded lead, and is 
as uſeful for painting, and other 
purpoſes, as the beſt white lead. The 
lead an the ſouth fide of any build- 
ing is found to abound moſt with 


this 


® —— cretata timet Fabulla nimbum, 555 
Ceruſata timet Sabella ſolem. 
Mar. Ep. Lib. II. E. I. 
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this white cruſt; that on the north 
ſide having very little, or none at all 
of it, It is believed alſo, that lead 
which lies on deal boards, is not ſo 
apt to be covered with this white in- 
cruſtation, as that which les upon 
oak: if there be any truth in this 
obſervation, it may, perhaps, be ex- 
plained from hence, that oak con- 
tains a much ſtronger acid than deal, 
and this ſtrong acid being diſtilled, 
as it were, by the heat of the ſun in 
ſummer, attaches itſelf to the lead, 
and corrodes it : or this corrofion 
may be the effect of the ſun and air, 
which, by their conſtant action, cal- 
cine or corrode the lead; and this 
calcined lead not being waſhed off 
by the rain, may, in the courſe of a 


great many years, form the cruſt 


here ſpoken of. It might be worth 
while, 5 
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while, in a philoſophical view, to 


examine more minutely than has 


been done, the difference between 


old lead which has loſt ſome of its 


parts by long expoſure to the air, 


and new lead. The plumbers have 
aſſured me, that if a pig of old lead, 
and an equal pig of new lead, be 


put together into the ſame iron pot, 
and expoſed to the ſame degree of 


heat, the new lead will be melted 
much ſooner than the old lead, An- 


other difference betwixt them, re- 


ſpeas the quickneſs with which they 


may be reduced to a calx, the new |} 


lead being obſerved to calcine much 
faſter than the old. 
Neither ceruſe, nor litharge, nor 


minium, have any taſte; but any of 


theſe ſubſtances being boiled in di— 
— Gilled vinegar, which has an acid 
taſte, 
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taſte, will be diſſolved in it; and the 
ſolution being cryſtallized will give 
one of the ſweeteſt ſubſtances in na- 
ture, called Saccharum Saturni, or 
ſugar of lead. It is this property 
which lead has of acquiring a fweet 
taſte by ſolution in an acid, that has 
rendered it fo ſerviceable to thoſe 
wine merchants who, reſpecting their 
own profit more than the lives of 
their cuſtomers, have not ſcrupled 
to attempt recovering wines, which 

had turned ſour, by putting into 

them large quantities of ceruſe or li- 
tharge. I believe this adulteration 
is puniſhed with death in ſome parts 
of Cermauy; and it is to be wiſhed 
that it met with that puniſhment 
every where. In 1750, the farmers 
general in France being aſtoniſned at 
the great quantities de vin gate which 
vol. NI CC 
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were brought into Paris, in order to 
be made into vinegar, redoubled 
their reſearches to find out the cauſe 
of the great increaſe in that article; 
for near thirty thouſand hogſheads 
had been annually brought in for a 
few years preceding the year 17 £0, 
whereas the quantity annvally brought 
in forty years before, did not exceed 
1200 hogſheads. They diſcovered, 
that ſeveral wine merchants, aſſum- 
ing the name of vinegar merchants, 
bought theſe ſour wines (which were 
ſtill rendered more four by the cuſ- 
tom of pouring into each hogſhead 
ſix . pints of vinegar before it was 
ſold), and afterwards, by means of 


litharge, rendered them potable, and 
Told them as genuine wines k. 


Our 


* Exam. Chy. de Differ. Subſ, Par. NM. 
Sage, P. 157. 


* 


Our Engliſh vintners, there is rea- 


ſon to fear, are not leſs ſcrupulous 


in the uſe of this poiſon than the 
French wine-merchants; for it not 


only corrects the acidity of four 
wines, but it gives a richneſs to 


meagre ones, and by this property 


the temptation to uſe it is much in- 


creaſed. 


The reader may ſoon ſurniſh bias 


ſelf with the means of detecting lead 
when diſſolved in wine. Let him 
boil together in a pint of water, an 


ounce of quicklime, and half an 


ounce of flour of ar nene and 
When the liquor, which will be of a 
yellow colour, is cold, let him pour 


it into a bottle, and corking it up, 


reſcrve it for uſe, A few drops of 
this liquor being let fall into a glaſs 
of. wine or cider containing lead, 


A22 will 
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will change the whole into a colour 
more or leſs brown, according to the 
quantity of lead which it contains; 
if the wine be wholly free from lead, 
it will be rendered turbid by the li- 
quor, but the colour will be rather 
a dirty white than a blackiſh brown. 
Van Helmont* was of opinion, thit 
Paracelſus made no vain boaſt, in 
ſaying that he could cure two hun- 
dred diſeaſes by preparations of lead; 
but he does not tell us of the many 
hundred perſons he, probably, ſent 
to their graves by his attempt. But 
it is beyond my ability, and falls 
not within my deſign, to diſcuſs ei- 
ther the ſalubrious or poiſonous 
qualities of lead; eſpectally as the 
9 0 L labours 

* Adeo ut non fruſtra Paracelſus glorietur 
ſolo plumbo forte ducenta* morborum claſſes 


ſuperare poſſe. Helm. Op. p. 501. 


9 
labours of Sir G. Baker* and Dr: 
Percival F have ſo fully illuſtrated 
that ſubje ck. 
Having accidentally heard, during 
the printing of this volume, that 
Dr. Prieſtley had diſcovered a method 
of reducing red lead to its metallic 
form, by melting it, in contact with 
inflammable air, by means of a 
burning glaſs, I was very deſirous of 
having ſo remarkable a fact confirm- 
ed by other experiments. But being 
prevented by a bad ſtare of health 
from venturing into an elaboratory 
myſelf, I communicated my wiſhes 
and ideas to an ingenious gentleman 
of this univerſity}, who has for ſome 
years been cultivating chemiſty with 

e a pro- 

* Med. Eff. + Eff. on the Poiſon of Lead. 

* Rev. Mr. Milner, A. M. Fellow of 
Queen's College. | 
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a proper degree of enthuſiaſm, and 


he has ſucceeded in reducing red 
lead by means of inflammable air in 
the following manner. To one end 


of a glaſs tube, into the middle of 
which ſome red lead had been put, 


an empty bladder was tied; to the 
other end a bladder full of inflam- 
mable air, obtained from a ſolution 

of iron in the acid of vitriol, was 
faſtened very cloſe: that part of the 


tube, in which the red lead was 
principally lodged, being heated al- 


moſt red hot, by being held over a 


ſmall crucible full of burning char- 
coal, the inffammable air was preſſed 


out of the bladder; at its firſt paſſage 


through the tube the red lead be- 
came brown, as if it had been mixed 


with ſome oleaginous particles; and by. 


Penne the bladders alternately f for 


a ſhort 
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a ſhort ſpace of time, the red lead 
was reduced into ſmall globules of 
lead; the quantity of inflammable 
air was ſenſibly diminiſhed, a part of 


it having been abſorbed by the red 


lead when it became a metal, 
Occaſion was taken in another 

place to remark, the inflammable 

air, as a conſtituent part of com- 


buſtible bodies, bore a great reſem- 
blance to phlogiſton “*, and a doubt 


alſo has been expreſſed, whether the 


phlogiſton of metallic ſubſtances be 


not an elaſtic inflammable fluid; this 
experiment, in which lead is reduced 
by abſorbing inflammable air, tends 


very much to flrengthen that hypo- 
thelis, and I doubt not we ſhall ſee 
reaſon to admit it without heſitation, 


when the ſubje& has been more in- 


* Vol. II. p. 331. 


veſtigated 
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veſtigated; at preſent I do not 
know whether it has been proved 
that the whole of any definite quan- 
tity of inflammable air can be ab- 
ſorbed by a metallic earth; nor, if 
it cannot, what the nature of the 
remainder is: but the removal of 
theſe, and other doubts, will be beſt 
accompliſhed by the ability of him, 
to whom we owe the firſt ſuggeſtion 
of the phlogiſton of metallic ſub- 
ſtances being an inflammable air. 


NN. OF VOL, III. 


ATSEVD. 
7 BRITAN 
NIC VM. 


3 — 
r = 


